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Abstract
Learning by reflection has been identified as one of the core processes for im-
proving work performance. However, theories of reflective learning are of a
cognitive or sociological nature and do not sufficiently consider the use of tech-
nologies to enhance reflective learning processes. The aim of this thesis is to
investigate if and how Quantified Self approaches can aid reflective learning
at the workplace. Quantified Self (QS) is a collaboration of users and tool ma-
kers who share an interest in self-knowledge through self-tracking, resulting
in a variety of tools to collect personally relevant information. These are rather
experimental approaches and currently there is no unifying framework that
clusters and connects these many emergent tools with the goals and benefits of
their use.
From a theoretical perspective, this thesis contributes with an integrated model
that provides a framework for technical support of reflective learning, derived
from unifying reflective learning theory with a conceptual framework of Quan-
tified Self tools. To instantiate our approach, mobile and web-based applications
have been iteratively designed and developed following a design-based research
methodology.
Within the first use case of the empirical validation, we introduce and evaluate
mood self-tracking in distinct work scenarios of the telecommunications and IT
sector. The second use case explores the impact of reflection on trading behavior
by integrating mood self-tracking in experimental asset markets. In the third
use case, an application to track feedback from audiences enables reflective
learning support for lecturers and public speakers. These applications have
been evaluated in thirteen studies that demonstrate the support of reflective
learning and measure the impact on work performance. The results of these
user studies lead to the validation of the holistic approach through a body of
empirical application-oriented insights. This thesis provides a novel approach
for reflective learning support by transferring and adapting practices from the
Quantified Self to workplace settings.
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“Learning is experience.
Everything else is just
information.”
(Albert Einstein)1. Introduction
The challenge of lifelong learning involves learning new marketable skills as well
as personal development of individuals in their many roles as family members,
citizens and workers [Passarelli and Kolb, 2012]. Formal learning is insufficient to
lead this development and efficiently support the constant adaptations required
in today’s dynamic and fast-paced workplaces. Therefore, learning mainly takes
place in the form of informal processes, which involve reflection on what has
been experienced and observed [Kolb, 1984]. For instance, a call taker in a call
center dealing with a challenging customer will only be able to succeed if she
applies her knowledge resulting from previous experiences and similar situa-
tions. However, despite the widespread acknowledgment of the importance of
reflective learning, it has mainly been considered on a theoretical level and the
question of how to use technology to support it in the workplace is still open.
1.1. Motivation and Problem Statement
Learning by reflection has been identified as one of the core processes for im-
proving work performance [Eraut and Hirsh, 2007]. According to Boud et al.
[1985], learning by reflection (or reflective learning) offers the chance of learning
by returning to and evaluating past work and personal experiences in order to
improve future experiences and promote continuous learning.
Theories of reflective learning are currently of a cognitive or sociological nature
and do not sufficiently consider the use of technologies to enhance reflective
learning processes. Although there is a wide range of facilitating techniques for
reflective learning especially in formal education (e.g. [Sugerman et al., 2000;
Brockbank and McGill, 2007]) and several approaches have shown initiatives to
support reflective learning through technology in different settings [Strampel
and Oliver, 2007; Fleck, 2009; Krogstie et al., 2013], we lack an unifying frame-
work that describes the role of technology in the reflective process and guides
the design of tracking applications for reflection support at work.
Recent advances in technology offer a plethora of possibilities for this technical
support. Sensor technologies are being improved, mobile technologies and
1
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access to information. This growth of technological solutions has driven the
emergence of a community called the Quantified Self (QS)1, a collaboration
of users and tool makers who share an interest in self-knowledge through
self-tracking, with the principle “self-knowledge through numbers.” This interest
results in a variety of tools to collect personally relevant information with the
purpose of gaining self-knowledge about one’s behaviors, habits and thoughts.
This personal behavior tracking includes basic activities like sleeping, eating
and context information like location, pollution or weather. The Quantified Self
movement investigates not only the gathering of data but also what to do with
the new tracking capabilities, the form of the gathered data, the risks that it can
useful perspective from which to re-examine the current design of self-tracking
technologies and ways to improve them [Choe et al., 2014].
One of the success factors of the QS is the approach to make vaguely defined
aspects of our lives measurable; for instance, our mood or the quality of our
sleep. Therefore, QS approaches offer a rich source of data that has not been
available for learning processes before. Their tracking initiatives offer a wide
potential for awareness augmentation, quantification of abstract measures and
analysis of data that were not possible to perform until now or not considered
to be of relevance for learning processes. Approaches like emotional awareness
provided; e.g., by self-tracking, or enrichment of data provided; e.g., by annota-
tion, can broadly support learners’ experiences and shed light on the process of
personal learning and improvement. However, these are rather experimental
approaches and currently there is no unifying framework that clusters and con-
nects these many emergent tools with the goals and benefits of their use. Recent
research work has concentrated on understanding the motivation behind the
QS community [Gimpel et al., 2013; Rooksby et al., 2014] and identifying main
challenges and pitfalls from their experiences [Choe et al., 2014], but there is no
elaborated theory behind it that helps us understand, systematize and transfer
their approaches.
Taking into account these two strands, we can conclude that QS approaches
are pragmatic with experimentation being their main drive, whereas reflective
learning is driven by theories that are evolving since the nineteenth century.
On the one hand, reflective learning provides strong contributions towards
understanding the underlying mental process, but often refers to pen and paper
diaries to provide support and do not consider the major changes that happened
in workplace environments during the last decades. On the other hand, the novel
approaches used by the Quantified Self have the potential to support reflective
learning by guiding the capturing of the right data not only in daily life but also
1 http://quantifiedself.com
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at the workplace. In order to achieve this, the introduction of self-tracking in a
work environment has to account for the unique requirements and challenges
that professionals face in each work domain. Since this gap and the challenges
that arise have not been investigated yet, our objective is to bring these two
strands together and show how QS approaches can support reflective learning
processes at the workplace.
1.2. Research Questions
This thesis aims at investigating if and how Quantified Self approaches can aid
learning. To this end, we have identified four sub-problems and derived the
corresponding following research questions (RQ):
• RQ1: How can Quantified Self principles and tools support reflective learning
at work?
• RQ2: Can self-reporting QS applications capture and quantify data about our
daily work activities as basis for the support of reflective learning?
• RQ3: What different data visualizations and motivation techniques foster learning
processes by facilitating making sense of the data?
• RQ4: Can learning based on data from own personal and work life improve the
learner’s work?
The first research question tackles the general approach of how Quantified Self
can support reflective learning based on an analysis of both strands. Research
questions two and three refer to the design of reflective learning support with
concrete approaches in selected work domains. With the final research question
we strive to investigate the improvements at personal and professional level
that can be achieved.
1.3. Research Approach
The first step of this thesis is to show how Quantified Self approaches can support
reflective learning processes. In order to achieve this, we develop a theoretical
framework based on the analysis of both strands; i.e., reflective learning theories
and the Quantified Self, including their methods and tools.
Based on this theoretical framework, we build on design-based research to in-
stantiate QS approaches by developing and evaluating prototyping applications.
Wang and Hannafin [2005] define design-based research as “a systematic but
3
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flexible methodology aimed to improve educational practices through iterative analysis,
design, development, and implementation, based on collaboration among researchers
and practitioners in real-world settings and leading to contextually-sensitive design
principles and theories.” Following this methodology, the development of our
prototypes is based on an iterative cycle with the following phases: definition
of collaborative requirements, design of prototypes, evaluation and subsequent
redesign. In this design-based approach, we use participatory design methods
by involving users in the design process and thus enhancing the quality of the
resulting system [Bødker et al., 2000]. Following Muller et al. [1997], participa-
tory design allows “the ultimate users of the software make effective contributions
that reflect their own perspectives and needs, somewhere in the design and development
life cycle of the software.” This ensures that not only the quality of the software
design and its development are improved, but it adheres to the end users’ needs
and therefore increases the acceptance of the applications.
Our research questions two to four are investigated through three use cases
following the approach explained below:
1. Identification of a work context and its requirements.
Through the analysis of different work contexts, we aim at identifying
which requirements must be met, as well as which processes and tasks
could be improved. In this analysis, we pay special attention to which data
are available and which data could be made available. The instantiation of
reflective processes is analyzed, too, in order to identify at which stage of
the reflective process an application will offer support.
2. Iterative development of an application.
Once the context is selected and the data to be captured is defined, a
first prototype of the application is developed. During the development,
several design choices are implemented regarding capturing methods,
data formats, user interface, data analysis and overall impact on the user.
The main goal is having a first prototype which can be evaluated in the
real context where it will be finally deployed. This allows us to receive
feedback directly from the end users (participatory development) and
iteratively improve the prototype. Each of these evaluations can tackle
several criteria; e.g. user acceptance, user interface or technical aspects. In
this iterative process we distinguish between design studies and formative
evaluations. The main goal of a design study is to inform the design of
the developed app. Diagnostic techniques are used to provide qualitative
feedback which is then used to guide the software development of the next
app version. Users may not be from the target group or the app would not
be integrated in their real work environment. In formative evaluations, the
application is integrated in a real work environment and evaluated with
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target users. Therefore, they contribute to investigate the aspects addressed
by our research questions two and three.
3. Summative evaluation.
The application is evaluated at larger scale and in a real world context,
with the goal of answering our fourth research question. The main goal is
to measure the impact of reflective learning and analyze any existing bar-
riers. In order to prove the impact of reflective learning, Key Performance
Indicators and other metrics are analyzed.
Finally, the empirical application-oriented insights gained from the conducted
studies lead to the validation and extension of the developed integrated model.
Figure 1.1 illustrates the research approach described above.
EmpiricalSValidation
Implementation
TheoreticalSModel
UseSCaseSI
ReflectingvonvEmotionsv
Telecommunicationsv&vITv
EmpiricalSInsightsSonStheSHolisticSApproach
IntegratedSModelSofSReflectiveS
LearningSandSQuantifiedSSelf
UseSCaseSIII
ReflectingvonvFeedbackv
Lecturesv&vPresentations
• 2vDesignvStudies
• 3vFormativevEvaluations
• 2vSummativevEvaluations
• 1vDesignvStudy
• 3vFormativevEvaluations
• 1vSummativevEvaluation
• ExperimentalvStudy
UseSCaseSII
ReflectingvonvEmotionsv
Trading
Figure 1.1.: Research approach and contributions
We have empirically investigated the design and application of Quantified Self
approaches to support reflective learning in three work domains. These work
contexts were selected because reflective practice is seen as promising but it
has not been integrated in their work processes yet. The three selected work
scenarios encompass:
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• Telecommunications and IT sector: Professionals working in consultancy
services, software development and call centers face highly demanding
reoccurring situations with their customers. Being aware of how their emo-
tions influence their everyday tasks, the communication with customers
as well as their colleagues has the potential to improve their work perfor-
mance. Within this use case, we introduce and evaluate mood self-tracking
in several work scenarios of the telecommunications and IT sector.
• Experimental trading: Financial decisions of traders and investors can
be affected by their emotional states. Therefore, learning approaches to
increase emotional awareness and regulation have the potential to improve
financial decision performance. To address these issues, we investigate the
integration of mood self-tracking in experimental asset markets.
• Lectures and presentations: When addressing an audience, professionals
who participate in talks may benefit from receiving feedback about their
presentation skills and performance. Comparing the speaker’s own per-
spective with how it is perceived by the participants is a potential source
for reflection triggering. Our research in this use case addresses reflect-
ing on captured feedback in presentations, which are daily activities for
lecturers, researchers and consultants.
1.4. Contributions
The investigation of the outlined research questions has led to the following
three main contributions of this thesis:
a. An integrated model that constitutes a framework for technical support of
reflective learning, derived from unifying reflective learning theory with
a conceptual framework of Quantified Self tools. In addition to ordering
this strand of research, this framework provides an understanding of the
design space for this kind of applications. Therefore, the Integrated Model
of Reflective Learning and Quantified Self (IMRLQS) is the basis for the
development of this thesis by categorizing and defining which dimensions
can be supported by QS applications.
b. The instantiation of our approach through three self-reporting applications.
These prototyping applications allow the quantification and gathering of
data in three different use cases: (i) mood tracking in the telecommuni-
cations and IT sector, (ii) mood tracking in trading, and (iii) capturing
of feedback in lectures and professional presentations. These are novel
applications that have adopted QS techniques and adapted them in order
to be successfully integrated in real workplace settings.
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c. A framework of empirical application-oriented insights gained from thir-
teen user studies. The results of the conducted design studies and evalua-
tions lead to the validation of the holistic approach of applying Quantified
Self approaches to support reflective learning at work. The resulting in-
sights provide best practices and pitfalls from a socio-technical perspective
and thereby inform the future design of this type of applications.
1.5. Thesis Structure
This thesis is structured in three parts. In the first chapters of Part I, we provide
the theoretical and pragmatic background that establishes the foundation of
our approach. In Chapter 2, we introduce the theories of reflective learning
(Section 2.1) and describe the Quantified Self community (Section 2.2). Chap-
ter 3 presents the Integrated Model of Reflective Learning and Quantified Self
(IMRLQS), which constitutes the unification of these two strands on a theoretical
level.
The second part of this thesis (Part II) describes the design, implementation
and evaluation of several QS approaches in selected work scenarios. Chapter 4
details the conception of the MoodMap App and the seven user studies con-
ducted during the design and implementation process. The investigation of
mood self-tracking in trading and the description of the conducted MoodMar-
ket experiment are detailed in Chapter 5. Chapter 6 presents the design and
development of the Live Interest Meter (LIM) before giving an overview of the
five studies that have provided insights on the capturing of feedback for reflec-
tive learning. At the end of this part, gained empirical and application-oriented
insights are discussed and illustrated in Chapter 7.
The final Part III concludes the thesis by summarizing our contributions and
giving an outlook on future work in Chapter 8.
1.6. Publications
Parts of this thesis’ contents have been published and/or presented in several
venues. In order to adhere to the common framework of this thesis, published
contents haven been updated and extended. The European Integrated Project
MIRROR2 has been serving as background of this research work. Consequently,
user studies conducted in this thesis and core contents have been published
2 http://www.mirror-project.eu
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within the context of the MIRROR Project. In the following, we detail the publi-
cations of the author that have already been peer-reviewed and relate them to
the main achieved contributions.
The Integrated Model of Reflective Learning and Quantified Self (IMRLQS) as
the first framework that considers the unification of these two strands has been
published in the following venues:
• V. Rivera-Pelayo, V. Zacharias, L. Mu¨ller, and S. Braun. Applying Quanti-
fied Self Approaches to Support Reflective Learning. In Proceedings of the
2nd International Conference on Learning Analytics and Knowledge, LAK ’12,
pages 111–114, New York, NY, USA, 2012a. ACM. ISBN 978-1-4503-1111-3.
doi: 10.1145/2330601.2330631
• V. Rivera-Pelayo, V. Zacharias, L. Mu¨ller, and S. Braun. A Framework for
Applying Quantified Self Approaches to Support Reflective Learning. In I.
Arnedillo Sa´nchez and P. Isaı´as, editors, Proceedings of the IADIS Interna-
tional Conference Mobile Learning 2012, 11-13 March 2012, Berlin, Germany,
pages 123–131, 2012b. ISBN 978-972-8939-66-3.
• V. Rivera-Pelayo. Applying Quantified Self Approaches to Support Re-
flective Learning, September 2012. URL https://www.academia.edu/
San Francisco, USA
• L. Mu¨ller, M. Divitini, S. Mora, V. Rivera-Pelayo, and W. Stork. Context
Becomes Content: Sensor Data for Computer-Supported Reflective Learn-
ing. IEEE Transactions on Learning Technologies, 8(1):111–123, January 2015.
ISSN 1939-1382. doi: 10.1109/TLT.2014.2377732
The design and development of the MoodMap App, along with the insights
gained on mood tracking to support reflective learning have been published in:
• S. Mora, V. Rivera-Pelayo, and L. Mu¨ller. Supporting Mood Awareness
in Collaborative Settings. In Proceedings of the 7th International Confer-
ence on Collaborative Computing: Networking, Applications and Worksharing
(CollaborateCom ’11), pages 268–277, October 2011
• A. Fessl, V. Rivera-Pelayo, V. Pammer, and S. Braun. Mood Tracking in
Virtual Meetings. In A. Ravenscroft, S. Lindstaedt, C. Delgado-Kloos, and
D. Herna´ndez-Leo, editors, 21st Century Learning for 21st Century Skills,
volume 7563 of Lecture Notes in Computer Science, pages 377–382. Springer
Berlin Heidelberg, 2012. ISBN 978-3-642-33262-3. doi: 10.1007/978-3-642-
33263-0\ 30
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1.6. Publications
• V. Rivera-Pelayo and M. Kohaupt. Comparing Objective and Subjective
Methods to Support Reflective Learning: an Experiment on the Influ-
ence on Affective Aspects. In T. Holocher-Ertl, C. Kunzmann, L. Mu¨ller,
V. Rivera-Pelayo, A. P. Schmidt, and C. Wolf, editors, Motivational and Af-
fective Aspects in Technology Enhanced Learning (MATEL) : Proceedings of
the MATEL Workshop 2013-2014, volume 26. KIT, Karlsruhe, 2015. URL
http://nbn-resolving.org/urn:nbn:de:swb:90-480487
• A. Fessl, G. Wesiak, V. Rivera-Pelayo, S. Feyertag, and V. Pammer. In-App
Reflection Guidance for Workplace Learning. In Design for Teaching and
Learning in a networked World - Proceedings of the 10th European Conference on
Technology Enhanced Learning (EC-TEL ’15). September 2015. To appear
• V. Rivera-Pelayo, A. Fessl, L. Mu¨ller, and V. Pammer. Introducing Mood
Self-Tracking at Work: Empirical Insights from Call Centers. Manuscript
submitted for publication, in prep
The experimental study with the MoodMarket conducted to investigate mood
tracking in trading was included in:
• V. Rivera-Pelayo, P. J. Astor, A. Hendriks, and M. T. P. Adam. Investigating
Reflective Learning in Trading: Mood Self-tracking in Financial Decision
Making. Working paper, Karlsruhe Institute of Technology (KIT), 2015
We have described the conception of the Live Interest Meter (LIM) and its usage
to investigate the capturing of feedback for reflective learning support in the
following articles:
• V. Rivera-Pelayo, J. Munk, V. Zacharias, and S. Braun. Live Interest Meter:
Learning from Quantified Feedback in Mass Lectures. In Proceedings of the
Third International Conference on Learning Analytics and Knowledge, LAK ’13,
pages 23–27, New York, NY, USA, April 2013a. ACM. ISBN 978-1-4503-
1785-6. doi: 10.1145/2460296.2460302
• V. Rivera-Pelayo, E. Lacic´, V. Zacharias, and R. Studer. LIM App: Reflecting
on Audience Feedback for Improving Presentation Skills. In D. Herna´ndez-
Leo, T. Ley, R. Klamma, and A. Harrer, editors, Scaling up Learning for
Sustained Impact - Proceedings of the 8th European Conference on Technology
Enhanced Learning (EC-TEL ’13), volume 8095 of Lecture Notes in Computer
Science, pages 514–519. Springer Berlin Heidelberg, September 2013b. ISBN
978-3-642-40813-7. doi: 10.1007/978-3-642-40814-4\ 48
• B. S. Morschheuser, V. Rivera-Pelayo, A. Mazarakis, and V. Zacharias. Gam-
ifying Quantified Self Approaches for Learning: an Experiment with the
Live Interest Meter. In Learning and Diversity in the Cities of the Future.
Proceedings of the 4th International Conference on Personal Learning Envi-
ronments, PLE Conference ’13, pages 66–78. Logos Verlag Berlin, 2014a.
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ISBN 978-3-8325-3811-8. URL http://www.logos-verlag.de/cgi-
bin/buch/isbn/3811
• B. S. Morschheuser, V. Rivera-Pelayo, A. Mazarakis, and V. Zacharias. In-
teraction and Reflection with Quantified Self and Gamification: an Experi-
mental Study. Journal of Literacy and Technology, 15(2):136–156, 2014b. URL
http://www.literacyandtechnology.org/volume-15-number-
2-june-2014.html
Additionally, the following exploratory and ethnographic studies have con-
tributed to our understanding of the requirements for the support of reflective
learning in workplace settings.
• A. Fessl, V. Rivera-Pelayo, L. Mu¨ller, V. Pammer, and S. Lindstaedt. Mo-
tivation and user acceptance of using physiological data to support in-
dividual reflection. In 2nd International Workshop on Motivational and Af-
fective Aspects in Technology Enhanced Learning (MATEL ’11), 2011. URL
http://ceur-ws.org/Vol-957/matel11_submission_5.pdf
• L. Mu¨ller, V. Rivera-Pelayo, C. Kunzmann, and A. Schmidt. From Stress
Awareness to Coping Strategies of Medical Staff: Supporting Reflection on
Physiological Data. In A. A. Salah and B. Lepri, editors, Human Behavior
Understanding, volume 7065 of Lecture Notes in Computer Science, pages
93–103. Springer Berlin Heidelberg, 2011b. ISBN 978-3-642-25445-1. doi:
10.1007/978-3-642-25446-8\ 11
• A. Schmidt, C. Kunzmann, S. Braun, T. Holocher-Ertl, U. Cress, A. Mazarakis,
L. Mu¨ller, and V. Rivera-Pelayo, editors. Proceedings of the 2nd and 3rd In-
ternational Workshops on Motivational and Affective Aspects, volume 957 of
CEUR Workshop Proceedings, MATEL 2011 and 2012, Palermo, Italy, Sep 20,
2011 and Saarbru¨cken, Germany, Sep 18, 2012, 2012. CEUR-WS.org. URL
http://ceur-ws.org/Vol-957/. ISSN 1613-0073
• L. Mu¨ller, V. Rivera-Pelayo, and S. Heuer. Persuasion and reflective learn-
ing: closing the feedback loop. In Persuasive Technology. Design for Health
and Safety, pages 133–144. Springer, 2012
• T. Holocher-Ertl, C. Kunzmann, L. Mu¨ller, V. Rivera-Pelayo, and A. P.
Schmidt. Motivational and Affective Aspects in Technology Enhanced
Learning: Topics, Results and Research Route. In D. Herna´ndez-Leo, T. Ley,
R. Klamma, and A. Harrer, editors, Scaling up Learning for Sustained Impact
- Proceedings of the 8th European Conference on Technology Enhanced Learn-
ing (EC-TEL ’13), volume 8095 of Lecture Notes in Computer Science, pages
460–465. Springer Berlin Heidelberg, 2013. ISBN 978-3-642-40813-7. doi:
10.1007/978-3-642-40814-4\ 39
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Theoretical Model

Overview
The goal of this part is to introduce the theoretical and pragmatic background
of our work (Chapter 2), which is the basis of our theoretical model. The theo-
retical model presented in Chapter 3 consists in the unification of theories from
reflective learning and approaches from the Quantified Self.
Reflective learning has been identified as a core process for improving work
performance [Eraut and Hirsh, 2007; Høyrup, 2004]. Despite the existence of
substantial theoretical work, diverse theories of reflective learning provide dif-
ferent definitions of and views on the role of reflection. In addition, none of
these theories sufficiently considers the use of technologies to enhance reflective
learning processes. We present a review of existing reflective learning theories
and motivate the theoretical background of our model (Section 2.1).
On the pragmatic side, new kinds of lifelogging approaches pursued by a com-
munity known as Quantified Self (QS)3are becoming increasingly popular. Quan-
tified Self is a collaboration of users and tool makers who share an interest in self-
knowledge through self-tracking with the principle “self-knowledge through
numbers.” This interest results in a variety of tools to collect personally rele-
vant information for self-reflection and self-monitoring, with the purpose of
gaining knowledge about one’s own behaviors, habits and thoughts. As part
of the pragmatic background, we present a review of the approach followed
by the Quantified Self and describe a survey of tools found in this community
(Section 2.2).
The QS community and their tools are relevant for research on reflective learning
at work because they aim at stimulating reflection, a core process for impro-
ving work performance [Eraut and Hirsh, 2007; Høyrup, 2004]. Similar data
tracking processes take place in organizations such as call centers, which define
and track Key Performance Indicators (KPIs) to facilitate reflection on work
processes [Colombino et al., 2014]. While reflection is often understood as a
cognitive process which enables an individual to learn, it can also be understood
as a social process, that enables teams or organizations to learn [Høyrup, 2004].
In organizational settings, collaborative reflection enables the “collaborative
re-design of work” [Prilla et al., 2013] by transforming work experiences into
3 http://quantifiedself.com
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applicable lessons learned. Self-tracking technology therefore has the potential
to support reflection and awareness (i) as enabling technology for individual or
collaborative self-tracking, (ii) by facilitating awareness via suitable data repre-
sentations and (iii) supporting the interactive exploration and analysis of data
within reflection sessions [Krogstie et al., 2012].
In an approach to join these two streams, we present a model that shows how
QS approaches can support the process of learning by reflection and informs the
design of new QS tools for informal learning purposes (Chapter 3). The starting
point for the design of the framework was the survey of several QS tools, which
allowed the analysis of the characteristics these tools may have in common.
In order to establish the connection with reflective learning, the gathering of
data by these tools is a relevant process to support the re-calling of experiences
that form the basis for reflective learning. Finally, we instantiate our model for
two applications known from the Quantified Self Community for exemplary
purposes.
This model aims at outlining the possible design space and its implications for
learning. This informs the subsequent design, implementation and evaluation
of applications for reflective learning, which were deployed and validated in
different workplace scenarios (Part II).
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2. Background
2.1. Reflective Learning at Work
Decades of research on reflective learning have highlighted different aspects of
reflective learning, leading to multiple theories [Dewey, 1938; Kolb, 1984; Boud
et al., 1985; Scho¨n, 1987]. Hence, it is difficult to define a shared understanding
about reflection. In the following some of the most important approaches are
briefly summarized. A more detailed description and discussion of existing
approaches can be found in Moon [1999].
Nearly all research on reflective learning refers back to the idea of experiential
learning by Dewey [1938]. According to Dewey, we learn by comparing our
expectations to what we experience. Our expectations form a continuity that is
built on former experiences. We learn by adapting this continuity in interaction
with the environment or as Dewey puts it: “Continuity and interaction in their
active union with each other provide the measure to educative significance and value of
the experience.” Dewey’s work is mainly concerned with the benefits of reflective
thinking for learning. Emotional aspects are rather neglected.
Boud et al. [1985] explicitly sheds light on these affective aspects and describes
reflection as a cyclic process. According to Boud, attending to feelings is a major
aspect of the reflection process.
Kolb [1984] also describes experiential learning in the form of a cyclic process;
the so-called Kolb Cycle. Reflective observation is one of its four components.
This implies that reflection is a process that is not only involved in reinterpreting
existing experiences but also in the initial perception and interpretation of the
raw experience. This cultivation of the capacity to reflect in action (while doing
something) and on action (after having done it) has become an important feature
of professional training programs in many disciplines [Scho¨n, 1987].
One example building on this approach of reflective practice is presented by
Daudelin, who defines reflection as “the process of stepping back from an experience
to ponder, carefully and persistently, its meaning to the self through the development of
inferences; learning is the creation of meaning from past or current events that serves as
a guide for future behavior” [Daudelin, 1996]. Her approach is tailored to her work
on reflective practice in the domain of management support.
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In summary, there is a vast body of research, but this research does not take into
consideration the possibilities provided by technology; i.e., these theories do
not consider the major changes in the workplace in the last decades, including
advances in technology to support learning processes (e.g., social media, mobile
devices, data availability, etc.). Even later work like Moon [1999] and Daudelin
[1996] use only traditional instruments like learning journals and structured
interviews. Therefore, we were looking for a theory that provides insights into
the cognitive processes and can be a basis for the integration of technology into
the reflection process. We chose the model introduced by Boud et al. [1985]
as theory behind our framework because it considers the complete cognitive
process, including affective aspects, but does not define the concrete activities
around this process or a specific domain.
2.1.1. Reflective Learning by Boud et al.
In the model by Boud et al., reflective learning refers to “those intellectual and
affective activities in which individuals engage to explore their experiences in order to
lead to new understandings and appreciations” [Boud et al., 1985]. Therefore, the
reflective process is based on the experiences of the learner, which are considered
as “the total response of a person to a situation, including behavior, ideas and feelings.”
The process described by Boud et al. consists of three stages, in which the
learner re-evaluates past experiences by attending to its various aspects, and
thereby producing outcomes. The defined outcomes can be cognitive, affective
or behavioral. The reflection process and its context, experiences and outcomes,
are depicted in Figure 2.1.
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Figure 2.1.: The reflection process in context by Boud et al. [1985]
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A detailed look at the stages of the reflection process in this model provides
insights into the involved cognitive processes and opportunities for support.
The learner starts by returning to an experience and thereby recalls details about
an event or incident. Boud et al. suggest being as objective as possible during
this stage and “refrain from making judgments.” However, recollected events are
most probably connected to emotions. These should not lead to judgments but
the learner should be aware of them after the first stage. When constructing
the description of the experience, “acknowledging feelings, whether experienced
as positive or negative, can enable us to enter into the second and third phases of
reflection more easily” [Boud et al., 1985]. In the second stage, these feelings are
evaluated. Positive feeling should be utilized to support the reflective process.
Negative feelings that obstruct the process “need to be discharged or transformed.”
Articulating these feelings either by writing or talking about them is advised as
helpful. While it might be tempting to jump over this second step, this might
lead to wrong assumptions because experiences are still blurred by negative
feelings or premature judgments. In the final third stage, the experiences are
re-examined by associating them to the existing knowledge and integrating
them in an appropriate fashion in the conceptual framework of the learner. The
whole process might repeat these three stages several times and by doing so
skip stages, but these three stages are part of the desired process to produce
outcomes.
The outcomes are mainly intangible, like the experiences and the reflection pro-
cess itself. For instance, a new perspective becomes only apparent by articulating
it or by a behavioral change. There might be outcomes that lack the commitment
to action and remain hidden in the first place. However, these changes in the
cognitive framework of a learner will influence the behavior in the long term.
A critical point is the start of the reflection process that leads to the initial return
to an experience. Boud et al. do not explicitly define the beginning of the reflec-
tion process because “most events which precipitate reflection arise out of normal
occurrences of one’s life.” However, the provided examples can be easily linked to
cognitive dissonance theory [Festinger, 1957]. Cognitive dissonance theory de-
scribes how a mismatch between attitudes and behavior could lead to rethinking
attitudes and experiences. This mismatch is perceived as psychological discom-
fort (dissonance) and motivates a reconsideration of existing attitudes. These
type of dissonances triggers the reflective process. This dissonance might be due
to an external event or agent (external trigger/incident) or might develop from
one’s own thinking (internal trigger/inner need to reflect). The environment
could trigger a reflective process by creating an awareness of a discrepancy that
leads to a dissonance in the cognitive system of the learner. Examples for such
discrepancies are knowledge gaps, unfulfilled expectations or positive surprises
like improvements in productivity or well-being.
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2.2. Quantified Self
On the pragmatic side, we consider a new kind of lifelogging approaches com-
ing from the recently emerged Quantified Self1 (QS) community that promotes
“self-knowledge through numbers.” Lifelogging is the process of tracking personal
data generated by our own behavioral activities. Personal data like sleep, exer-
cise, food, mood, location, alertness, productivity, and even spiritual well-being
may be collected and measured to be part of this log. Their lifelogging experi-
ments and their tools have the intention of gaining knowledge about their own
behaviors, habits and thoughts by collecting relevant information related to
them. The starting point of the QS initiative is not a set of scientific theories;
it is based on empirical self-experimentation. Apart from Quantified Self, all
these approaches and tools can also be found under a variety of names includ-
ing personal informatics, living by numbers, self-surveillance, self-tracking and
personal analytics [Li et al., 2010].
2.2.1. The Quantified Self Community
Quantified Self (QS) has emerged as a community pursuing different lifelogging
approaches. QS is a collaboration of users and developers who share an interest
in self-knowledge through self-tracking. They are a diverse group of “life hackers,
data analysts, computer scientists, early adopters, health enthusiasts, productivity gurus,
and patients” [Choe et al., 2014]. The experiments that they perform and the tools
they use have the intention of gaining knowledge about their own behaviors,
habits and thoughts by collecting relevant information related to them. Tools
used to track data about themselves range from pen and paper to user-developed
tracking applications or commercially available tools.
This community of self-trackers was born with the eagerness to experimentally
know more about human life. They were motivated by the potential experiments
that they observed around: “People experiencing some change in their lives, going
on or off a diet, kicking an old habit, making a vow or a promise, going on vacation,
switching from incandescent to fluorescent lighting, getting into a fight. These were
potential experiments, not real experiments, because typically no data was collected and
no hypotheses are formed. But with the abundance of self-tracking tools now on offer,
everyday changes can become the material of careful study” [Wolf, 2009]. Its starting
point was the creation of the quantifiedself.com blog by Gary Wolf and Kevin
Kelly in 2007. Their initiative was extended in 2008 with a regular Meetup to
discuss and share their practices with personal data tracking.
1 http://quantifiedself.com
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One of the pioneering projects in lifelogging was MyLifeBits [Gemmell et al.,
2006], which was inspired by Vannevar Bush’s article “As We May Think” [Bush,
1945]. In this project, Gordon Bell captured a lifetime’s worth of articles, books,
cards, CDs, letters, memos, papers, photos, pictures, presentations, home movies,
videotaped lectures, and voice recordings and stored them digitally. Afterwards,
since the QS community was founded, we have seen a wide variety of ap-
proaches where people track; e.g., more than 40 different categories of informa-
tion about the own health, the power usage of a thatched cottage or Vitamin D
consumption [Brophy-Warren, 2008].
Although the main purpose of the QS community is to know how they are
affected by diverse factors, these self-trackers not only use the captured data
for themselves, but they make their data available and report about the insights
that they gain.
Blogs, Meetups and QS Conferences
Since its creation, the blog entries posted in the QS community have served as
the main platform for the sharing of self-tracking practices. Both videos from
their meetups as well as traditional blog articles are used as content for these
entries. As of November 10, 2014, over 300 video posts in their QS post and 700
“Show&Tell” videos in the QS online video blog2 have been posted. Participants
also share their practices, experiences, mistakes and lessons learned in regular
QS meetups and annual conferences. In their QS meetups they promote a specific
type of format called “Show & Tell”, conceived to explain firsthand experiences
with self-tracking and help with the narrative. This format organizes the talk by
answering the Three Prime Questions [Wolf, 2011]:
1. What did you do?
2. How did you do it?
3. What did you learn?
By answering these three questions, speakers talk about (1) their basic ap-
proaches including problems, motivations and goals, (2) the tools and methods
that they used, and (3) the insights and outcomes gained from the data and
tracking process.
Recently, the videos originated from these meetups and conferences (and posted
in the QS blog) have been of interest to HCI research and were used to analyze
what motivates them to keep tracking data, what tools they use, what insights
they gain, and what challenges they face [Choe et al., 2014].
2 http://vimeo.com/groups/quantifiedself
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2.2.2. The Quantified Self Approaches
Besides all these personal experiments, plenty of tools are already available,
which facilitate the tracking of different aspects of our lives. Numerous appli-
cations and tools were found during the survey that we conducted. Therefore,
therefore the following review contains only the most important and significant
approaches to our current research work.
Projects
MylifeBits3 is a project of Microsoft Research based on a lifelong storage of
everything. It is the fulfillment of Vannevar Bushs 1945 Memex vision including
full-text search, text annotations, audio annotations, and hyperlinks. There are
two parts of MyLifeBits: an experiment in lifetime storage, and a software
research effort [Bell and Gemmell, 2010]. In his experiment, Gordon Bell has
captured a lifetime’s worth of articles, books, cards, CDs, letters, memos, papers,
photos, pictures, presentations, home movies, videotaped lectures, and voice
recordings and stored them digitally. According to Gemmell et al. [2006], Bell is
now paperless, and is beginning to capture phone calls, IM transcripts, television,
and radio. The developed MyLifeBits software leverages SQL servers to support
hyperlinks, annotations, reports, saved queries, pivoting, clustering, and fast
search [Gemmell et al., 2006].
SenseCam [Hodges et al., 2006] is a wearable digital camera that takes pho-
tographs passively. SenseCam contains different electronic sensors (light sensors,
an infrared detector, a temperature sensor and accelerometers) whose measure-
ments are used to automatically trigger photographs to be taken. Originally, the
main goal of SenseCam was to provide an aid for people with memory loss.
However, it has been used in a variety of settings4. For instance, it has been
used to automatically generate images from landmarks, to capture a person’s
environment in order to analyze the amount of exercise people take, to enable
teachers to reflect on logs about their days, or to study how office workers work
simultaneously on different tasks.
The SenseWear Armband developed by Bodymedia was motivated by the lack
of an easy-to-use, reliable and cost efficient way to accurately assess metabolic
physical activity and energy expenditure by consumers, clinicians and researchers
[Andre et al., 2006]. It allows users to track energy expenditure, physical activity
durations and levels, and lifestyle information. The SenseWear Armband has
3 http://research.microsoft.com/en-us/projects/mylifebits/
4 http://research.microsoft.com/en-us/um/cambridge/projects/sensecam/
applications.htm
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been validated in several in the field studies in the field and in numerous clinical
and scientific studies and patient programs.
Another example of projects associated with the QS community is Mappiness5.
This research project aims at gaining insights about how people’s happiness is
affected by their local environment; e.g., pollution, noise, location, or people
around. Users enter how they feel by rating several moods (happy, relaxed,
awake, etc.) within a certain scale (not at all–extremely). Users receive feedback
about their mood and the factors that affect it. Aggregated values of users from
the UK and London are also visualized in their online platform.
Tools
Below, we review some of the tools found in the Quantified Self community.
This is not an exhaustive list, but it gives the reader a good perception of the
kind of tools they are dealing with.
Web-based and Desktop Applications
• daytum6: a platform consisting of a web-based application and a comple-
mentary iPhone App to collect, categorize and communicate users’ per-
sonal and everyday data in form of items count; e.g., number of beverages
taken or films watched.
• mycrocosm 7: web service that uses the visualization of statistics to share
chunks of personal information and allows users to track several aspects
of their daily lives ranging from hours of everyday sleep to what color
clothes a person wears.
• moodscope8: web-based application to measure user’s mood through a
card game, track its evolution on a graph and share the scores with friends,
hoping to receive support from them.
• Dagaz9: Dagaz is an application to train meditation level through a game
experience. The application makes use of mandala shapes, generated by
the user’s mind. Mandala shapes are symmetrical shapes used in many
cultures and almost every religion.
5 http://www.mappiness.org.uk
6 http://daytum.com
7 http://mycro.media.mit.edu
8 http://www.moodscope.com
9 http://store.neurosky.com/products/dagaz
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• Microsoft HealthVault10: online personal health-record service that is com-
patible with a growing number of home health monitors. Data from these
devices can be uploaded directly into a patient’s HealthVault record, where
users can then create a handy graph of their blood pressure, weight, blood
sugar, or other data, and share it with their doctors or family.
• Yawnlog11: a website that lets users track how much sleep they are getting,
note how good the sleep was, record their dreams and compare all of that
information with their friends.
• Time Sink12: activity tracking application that logs user activity on a Mac
laptop or computer by keeping track of windows and programs used.
Physiological or Environmental Sensors
• Nike+13: tracking of running activity. It includes measurement of physi-
cal constants (calories, heart beats), time, distances, goals to achieve and
challenges to fulfill with other users.
• Fitbit14: sensor that tracks a person’s movement to produce a record of
steps taken, calories burned, and sleep quality. Data are uploaded to the
Web so that users can monitor their activity and compare it with that of
their friends.
• Philips DirectLife15: the Activity Monitor tracks your body motion every
time you move up, down, forwards, backwards and sideways. By measur-
ing the acceleration of these movements, it calculates how much energy
you used to make them. With DirectLife, a program is offered to increase
your activity levels and they provide you a personal coach who can help
you stay motivated.
• SenseCam16: wearable camera with a wide-angle lens that periodically
takes photos without user intervention.
• SenseWear17: physical activity monitor to track movement. It has an ac-
celerometer to measure motion and steps, a galvanic skin response monitor
10 http://www.healthvault.com
11 http://yawnlog.com
12 http://manytricks.com/timesink
13 http://www.nikeplus.com
14 http://www.fitbit.com
15 http://www.directlife.philips.com
16 http://research.microsoft.com/en-us/um/cambridge/projects/sensecam
17 http://sensewear.bodymedia.com/
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to measure the electrical conductivity of the skin, skin temperature, and
heat flux—the amount of heat dissipating from the body.
• MIO18: watches and bands to track different physiological measures.
Mobile Applications
• Sleep Cycle19: Sleep Cycle is an iPhone app that allows users to track
their sleep. It creates a nightly record of users’ sleep by analyzing the
measurements from the device accelerometer.
• Trixie Tracker20: application conceived to keep tracking of a baby’s life;
e.g., naps taken or bottles fed. Its goal is to discover patterns and detect
sleep schedules.
• oneLog21: application for iPhone that allows tracking of any sort of infor-
mation or activity.
• My Tracks22: application that uses GPS position to track several parameters
(path, speed, elevation) while the user walks, runs, or does any other
outdoors activity. Data are available live, announcements notify users
about their progress, and annotation features are provided.
• Memolane23: this application collects and connects content from other sites
such as Facebook or Twitter. Its goal is to create an easy way of exploring
past social network content.
Table 2.1 shows a categorization of the reviewed applications and tools. The
categorization is made according to their topic/field of application (columns)
and the composition of the tool (rows).
18 http://www.mioglobal.com
19 http://www.sleepcycle.com/
20 http://www.trixietracker.com
21 http://itunes.apple.com/za/app/onelog/id327834312?mt=8
22 http://mytracks.appspot.com
23 Not available. Shut down in February 2013
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Table 2.1.: Categorization of a set of reviewed Quantified Self tools
Private Life
Loggers
Health and Sport 
Trackers
General Activity 
Trackers
App/Website
Memolane
MyLifeBits
Time Sink
Sleep Cycle
Microsoft HealthVault
Tixie Traker
YawnLog
OneLog
moodscope
mappiness
Device
MIO
BodyCare
Telcare
Vitality’s GlowCaps
SenseCam
Device + App/Web
Nike+
Fitbit
Philips DirectLife
Cogito
MedApps
BodyMedia
Affectiva
The reviewed apps are only a representative set of applications that are being
developed and used in the QS community. On their QS blog24 a list of more
than 500 available tools and apps can be found. It must also be taken into
consideration that the survey conducted as basis for the model was completed
in 2012. Since then, new tools and applications have proliferated, especially in
the context of health and sport tracking. These new tools are not included in the
presented survey in order to be consistent with the background that served as
basis for the created model.
24 http://quantifiedself.com/guide/tools
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Learning and the Quantified Self
In the previous chapters, reflective learning and Quantified Self were introduced
and defined for the purpose of our work. We now present an Integrated Model of
Reflective Learning and Quantified Self (IMRLQS) that combines these research
strands into a model for the technical support for reflective learning; centered
around the model of Boud et al. [1985].
3.1. Integrated Model of Reflective Learning
and Quantified Self
In the IMRLQS model, three main support dimensions are identified, namely:
tracking cues, triggering, and recalling and revisiting experiences (see Figure 3.1):
1. Tracking cues: capturing and keeping track of certain data as basis for the
whole reflective learning process.
2. Triggering: fostering the initiation of reflective processes in the learner,
based on the gathered data and the analysis performed on it.
3. Recalling and revisiting experiences: supporting learners in recalling and
revisiting past experiences through the enrichment and presentation of
data in order to make sense of past experiences.
Figure 3.1 shows these three dimensions in relation to the reflective learning
model of Boud et al., presented in the previous subsection. Firstly, tracking
cues is directly related to tracking of behavior, ideas and feelings, which are
the source of the reflective process on the one hand and are related to the
measurement of outcomes on the other (e.g., new perspectives or change in
behavior). These are continuously integrated with the original cues in order to
feed future iterative reflection processes. Secondly, triggering is related to the start
of the reflective process. Finally, recalling and revisiting experiences enriches the
process of returning to and evaluating experiences, as well as that of attending
to feelings.
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Processing, enriching, ...
Capturing & Keeping track
Quantied Self Tools
Presentation & Sharing
Tracking Recalling & Revisiting TrackingTriggering
Experience(s) Outcomes
Reective
Process
Figure 3.1.: Integrated Model of Reflective Learning and Quantified Self (IMRLQS): Role
of the three QS potentials in the reflective learning process.
In the following, we further differentiate the support dimensions based on how
these can be instantiated by Quantified Self tools. Table 3.1 shows a summarized
overview of the relationship of the three defined support dimensions with the
different aspects of reflection in learning and the identified QS characteristics.
3.2. Tracking Cues
Tracking means the observation of a person and his or her context in order to
aid the reflective process. Tracking strives to quantify (aspects of) a person’s
life in order to enable some objectivity in understanding it. Tracking facilitates
reflective learning by collecting data on experiences and outcomes that can then
be used as objective basis in reflection and triggering. We further characterize
tracking by the means that are used, the object that is tracked, and the goal that
is being strived for.
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Table 3.1.: The dimensions of QS, their characteristics and how they relate to the different
aspects of reflection in learning.
QS Support
Dimension
QS
Characteristics
Reflective Learning Aspects
Tracking
Tracking means Experience (information about behavior,
ideas and feelings) and outcomes
(results from the reflective process)
Tracked aspects
Purposes
Triggering Active Initiation of the reflective process
Passive
Recalling &
Revisiting
Contextualization
Reflective process
Data fusion
Data analysis
Visualization
3.2.1. Tracking Means
Two main ways for tracking exist: self reporting through often specialized soft-
ware and hardware sensors that directly track behavior.
• Software Sensors. Software sensors are applications (desktop-based, web-
based or mobile-based) that aid the user in capturing experiences. Software
sensors are particularly important for experiences that cannot (currently)
be directly measured (such as feelings and/or ideas) and are often much
simpler, more flexible and cheaper to produce than hardware sensors. Soft-
ware sensors are currently used in a broad variety of QS applications.
Daytum1 is one example of a QS application that relies exclusively on
software sensors. It consists of a web application for desktop computers
and mobile devices as well as an iPhone app (Twitter and SMS can also
be used for data input). The application enables users to track any num-
ber of arbitrary things about their lives, to categorize them and to view
infographics based on this data. Another example is the more specialized
Trixie Tracker2 that supports parents in tracking data about their child and
their interaction with it (such as diaper changes, naps and bottles fed).
• Hardware Sensors. Hardware sensors are devices that automatically cap-
ture data that can be used to deduce experiences or collect contextual
information. Common categories of sensors are: environmental sensors
1 http://daytum.com
2 http://www.trixietracker.com
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(e.g., light sensors, thermometers or microphone) and physiological sen-
sors (accelerometers, heart rate sensors, sphygmomanometers, etc.).
One example is the application Sleep Cycle3 that makes use of an iPhone’s
acceleration sensor to track sleep states in order to help people better
understand their sleep. Another well known application is Nike+4, an ap-
plication built around an accelerometer that is attached to a shoe. The goal
of the application is to measure and track the distance of a walk or run.
3.2.2. Tracked Aspects
The tracked aspects for a QS application can be very broad—as, for example, in
“Total Capture” applications like the SenseCam project5, which attempts to use
a camera to track all aspects of daily life. However, research so far has found
little evidence of such systems being effective in serving as a digital memory or
supporting reflection processes [Sellen and Whittaker, 2010]. Situation specific
tracking applications—as, for example, the above mentioned Trixie Tracker6—
concentrate on only a small class of experiences (in this case some experiences
related to child-rearing).
The tracked aspects found in Quantified Self applications can be classified in the
following four categories:
• Emotional aspects. Emotional aspects such as mood, stress, interest, anxi-
ety, etc.
• Private and work data. Data from work processes and our lives such
as photos, the browser’s history, digital documents, music, or use of a
particular software etc.
• Physiological data. Physical indicators and biological signals that describe
a person’s state of health. The main approaches comprise the measure-
ment of physical activity (for applications focusing on sport) and factors
indicating health and sickness (e.g., glucose level).
• General activity. Data about a user’s general activity, such as the number
of cigarettes, cups of coffee, hours spent in a certain activity or number of
times that something is done.
3 http://www.sleepcycle.com/
4 http://www.nikeplus.com
5 http://research.microsoft.com/en-us/um/cambridge/projects/sensecam
6 http://www.trixietracker.com
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3.2.3. Purposes
Another important classification dimension is that of the purpose of a QS appli-
cation, the goal which the user tries to achieve by using this application. This
purpose drives and guides which measures are tracked and which means are
appropriate.
Within their framework, Li et al. [2011] have identified six different purposes or
questions people have in mind when tracking data. These are to get to know (1)
their current status for determining if goals are met or if correction in behavior
is needed, (2) the history of their data for determining trends and progress
making, (3) (new) goals worth pursuing, (4) discrepancies between their set
goal(s) and current behavior either to correct or maintain it, (5) the context that
may influence their current status, and (6) long-term influencing factors in order
to monitor trends.
Seen within the reflective learning model, the purpose is the outcome that the
Moodscope application that encourages users to track and share their mood.
For the already mentioned Daytum application the purpose is a general self-
improvement, as the user is largely free to determine what he or she wants to
track.
3.3. Triggering
Within the reflective learning process, triggers are responsible for starting the
actual reflection process. The role of triggers is to raise awareness and detect
discrepancy. We differentiate between active and passive triggering.
3.3.1. Active Triggering
Active triggering consists of the tool sending a notification or catching the atten-
tion of the user explicitly. In order to support active triggering, an application
must perform data analysis to detect experiences that are suitable for initiating
reflection. Such an experience or situation may be a mismatch between users’
goals and their current achieved level, a comparison to a global threshold or
other persons, or a deviation from personal patterns. An example for active
triggering are alerts on RescueTime7: the user can specify goals such as expend-
ing a maximum amount of time on ‘distracting’ web sites or being a minimum
7 http://www.rescuetime.com
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number of hours doing productive work per day. The system alerts the user
with a notification when the goal has been achieved or the certain amount of
time has passed by.
3.3.2. Passive Triggering
A system supporting only passive triggering does not identify experiences
suitable for fostering reflection or it does not actively contact the user. This
kind of system mainly displays the collected data in a suitable way. It relies
on the user to be triggered by something outside of the system or on the user
regularly visiting the site and then detecting something that starts a reflection
process. Daytum (described above) is one application that relies purely on
passive triggering.
3.4. Recalling and Revisiting Experiences
Different aspects affect the recalling and revisiting of past experiences, when ana-
lyzing the benefits that QS approaches could offer. Enrichment and presentation
of the data may facilitate the revisiting of the data to analyze past experiences
and reflect on them, and therefore enhance the learning process of the user.
Support of Quantified Self applications can exist along multiple dimensions:
Contextualization, Data Fusion, Data Analysis, and Visualization.
3.4.1. Contextualizing
The data being tracked can be enriched with other context data. This contex-
tualization of the data with other sources of information may be performed
by the same tool or result from the interaction between tools (e.g., two mobile
applications or a sensor with a desktop application). An example for the con-
textualization for reflection is Garmin Connect8. With the right hardware, this
application can track heart rate, bicycle speed, cadence, altitude and location and
display this in the context of a map—thereby facilitating a better understanding
of fitness data.
Adapting the context definition from Dey [2001], we define context within
this model as: “any information that can be used to characterize the situation of a
tracked entity and that can aid the reflection process.” For the types of context that
8 http://connect.garmin.com
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can be of relevance, we have to go beyond usual classifications of context in
computer science (e.g., location, identity, activity and time [Dey and Abowd,
1999]) since these focus on the context of a concrete interaction with a context-
aware application. For this model we need to consider as context everything
that can aid the understanding of sequences of (data about) experiences and
outcomes. Based on a review of existing Quantified Self applications we have
identified the following classes of context:
• Social context. Data can be augmented with information about the social
context of the user. This can be a comparison to Facebook friends or a com-
parison to all users. This helps to compare own performance/measures
with the others. Sharing in a social context provides additional data to
others in expectation to retrieve more data in exchange and ultimately see
one’s own experiences in relation to others’ experiences. It can also support
the active processing of difficulties; e.g., by talking about problems and
finding peers with similar problems. Sharing is a way of communicating
with others and retrieving additional feedback on one’s own data. An
aggregation of data over multiple users may provide new perspectives
on experiences and offer new abstraction levels. Such an aggregation can
be useful for individual reflection but also at a collaborative level; e.g.,
reviewing team performance over one month [Mu¨ller et al., 2011a].
• Spatial Context. The location in terms of city, street or even the room.
As context information, this data can aid reflection by helping the user
to understand the relation between a place and his behavior—such as
understanding the effects of high altitude on his or her heart rate, the
calming effect of visits to specific places or the identification of the places
where most time is lost in traffic.
• Historical context. Historical data is an additional type of context data that
can aid in the reflection process. Comparing current values to historic ones
allows seeing upward or downward trends or to identify deviations from
a historic norm that may indicate a problem. Historic data may also help
to identify the difference between periodic fluctuations (such as variations
in weight or fitness according to the seasons) and other deviations from
the norm that may indicate progress or a problem.
• Item Metadata. Any metadata available about the things a user interacts
with—such as the information that a particular website’s user is accessing
is not work related but rather distracting, or the information that a food
someone ate contains a large amount of sugar.
• Context From Other Datasets. In addition, there are numerous datasets
(e.g., weather or work schedule) that can also be used in contextualizing.
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3.4.2. Data Fusion: Objective, Self, Peer and
Group Assessment
One important aid to the reflection process can be the fusion and comparison
of objective (i.e., measured by sensors), self (i.e., self-reported data from the
user), peer and group assessment (reported data from others about a user).
There may be differences and discrepancies between these views that can foster
reflection, can help to bridge the gap from subjective to objective experiences
and in this way yield new insights and lead to learning. This relates to stage two
of the reflection process—attending to feelings. Negative impressions can be
discharged by comparing the individual perspective to objective measurements.
Aggregation of subjective articulations over time or over different users can
result in a more objective view (see also [Mu¨ller et al., 2011c]).
3.4.3. Data Analysis: Aggregation, Averages, etc.
Different forms of data processing help to present the user useful measurements
(e.g., number of cups of tea per day/week, average mood of my colleagues,
etc.). In Mu¨ller et al. [2011a], three types of aggregation are suggested: mathe-
matically; e.g., into averages and correlations, graphically; e.g., in charts and
plots, or formally; e.g., by relation networks or tag clouds. The selected type of
aggregation depends on the kind and amount of available data as well as on the
purpose of the aggregation. For instance, graphs and plots require quantitative
data and can show trends or help to identify high level patterns. Aggregation
in tag clouds may need large amounts of data to become valuable but can be
applied to semi or unstructured data like texts. Further, it might be desirable
to hide the source of the underlying data through aggregation and in this way
create anonymity and privacy.
3.4.4. Visualization
Presentation and visualization that are attractive and intuitive for the users
should be chosen which, at the same time, foster the analysis of the data for
reflective learning purposes and being otherwise one of the major barriers (see
[Li et al., 2010]).
This first version of the Integrated Model of Reflective Learning and Quanti-
fied Self was created in 2012. A summarized version was initially published
in [Rivera-Pelayo et al., 2012a] and its complete version was published in [Rivera-
Pelayo et al., 2012b].
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3.5. Exemplary Applications
In order to illustrate the application of the IMRLQS model, we present two
QS tools and how they are classified. These two exemplary applications have
been chosen with the intention of covering several of the main presented points:
having one hardware sensor and one software sensor; dealing with data about
physical activity and data related to emotions; and finally having a goal-oriented
approach and an approach with an unclear general goal.
3.5.1. Philips DirectLife
Philips DirectLife9 is an activity monitor that tracks the body motion of the user
and converts it into calories burned. By measuring the acceleration of movement,
it calculates how much energy the user used to make them. DirectLife is based
on a motion sensor together with a website. In this personalized website, the
user can upload the data from the sensor, review how active he or she has been
and monitor his or her progress against the personal plan. In addition, an activity
program is offered to increase activity levels and a personal coach is provided,
with the role of keeping the user motivated.
• Tracking. DirectLife consists of an accelerometer; i.e., a sensor that can mea-
sure a person’s body motion. Therefore, the tracking of the user activity is
done through a physiological sensor [3.2.1]. In this case, the measurement
and tracking of the activity is based on the physiological data provided
by the sensor and therefore this tool supports the tracking of health and
sport related measures [3.2.2]. The main motivations for users to use this
system include staying active, being healthier or losing weight [3.2.3]. With
DirectLife, goals are set based on the current activity levels of the user.
Some example goals that the user can explicitly choose are being healthy,
fit, active or sporty; and the difference between them is the level of activity
and caloric targets.
• Triggering. Although DirectLife performs analysis on the data, namely ag-
gregation of data, average calculation, goal comparison and social ranking,
we would identify it as a passive triggering tool [3.3.2]. With this system,
the data are shown to the user in order to take a decision by him or herself
and the tool does not explicitly arise the attention of the user to certain
discrepancies or particularities of the data. The function of triggering the
user to change her behavior and being more active might be in this case
attributed to the personal coach (which is actually a person and not the
tool itself).
9 http://www.directlife.philips.com
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• Recalling and Revisiting. In DirectLife, the main factor used to contex-
tualize the data is time; i.e., it allows the user to see the data according
to a certain day, week or month [3.4.1, historical context]. Users can see
their history, their daily average activity, their weekly activity and their
personal plan [3.4.3]. Moreover, they are ranked among other participants
based on their age and gender and they can compare themselves and feel
more motivated with this social comparison [3.4.1, social context]. The
burned calories calculated according to the body motion of the user is an
objective measure [3.4.2], as it is not the perception of the user, but the data
provided by the sensor. DirectLife provides the user with different bar
graphics which show the data in a daily, weekly, monthly and yearly basis
[3.4.4]. Users can also see their progress in their website by comparing
their activity with the ongoing target.
3.5.2. Moodscope
Moodscope consists of a web-based application that allows users to track their
mood through a card game, see their mood evolution on a graph and share their
scores with friends. The purpose of this sharing is the support that the user can
receive from his or her friends, when they are aware of the user’s emotional
state. According to the website of this tool, “measuring your own mood is a daily
must-do, just like cleaning your teeth or washing your face.”
• Tracking. Moodscope is based on a web application [3.2.1] that supports
the capturing and tracking of emotional aspects, concretely a person’s
mood [3.2.2]. The measurement of the mood is done through a card game
based on a psychological mood questionnaire called PANAS [Watson et al.,
1988]. Users can choose among twenty double-sided cards every day. They
can do it once a day and it is suggested to do it best at the same time each
day. Having chosen a card, the user receives a score, which is a percentage
between 0 (sad) and 100 (happy). The reason to choose this card game is
the fact that cards engage the more thoughtful and reflective side of the
human brain [Moodscope]. The general goal that any user of Moodscope
may have is being happier and thereby feeling better [3.2.3], which is a
rather undefined, unspecific and unclear goal.
• Triggering. Moodscope follows the particular phenomenon called “The
Hawthorne Effect” with the theory that when we believe that we are being
observed, our behavior can change for the better. Therefore, Moodscope
sends an email with the user’s daily score and a progress graph to the
people that act as a user’s “buddy.” These buddies are chosen by the users
themselves and may be friends, colleagues or relatives. This sharing of
the data acts as a motivation for users and affects the progress of their
34
3.6. Related Work
emotions, but it is not a trigger itself. This tool may then support a kind
of passive triggering, when showing users the evolution of their mood
[3.3.2].
• Recalling and Revisiting. The mood data tracked in Moodscope can be
contextualized through comments made in the progress graph [3.4.1, his-
torical context]. Apart from presenting the evolution of the user’s mood in
a line graph [3.4.4], this tool does not apply any other data analysis [3.4.3].
As explained before, users can share their moods with the people that they
choose as buddies and these receive a daily email with their mood status
and progress. In this case, although data are shared, there is no comparison
established with the mood of anyone else [3.4.1, social context]. Due to the
fact that the capturing of data is user-driven and chosen by themselves
with a card, we can say that Moodscope deals with subjective data of the
user [3.4.2].
3.6. Related Work
Overall the proposed combination of reflective learning and QS applications in
this thesis materializes the vision of learning analytics for a particular model
of learning and a specific class of support tools. In the following, we present a
review of related theoretical and application-oriented approaches found in the
literature.
3.6.1. The Quantified Self and Personal Informatics
Recent studies have explored the motivation behind the Quantified Self. Gimpel
et al. [2013] conducted a survey to understand the underlying motivations of
self-triggered health monitoring in the QS community focused on patient-driven
approaches and the implications for healthcare information systems. They show
that self-tracking is a voluntary activity driven by both intrinsic and extrinsic
motivations [Gimpel et al., 2013] that requires time and effort to first collect the
data, then review and reflect on the data subsequently. In [Choe et al., 2014], main
challenges as well as pitfalls are identified and analyzed using the experiences
of QS members. They report that their “ultimate goal is to reflect upon one’s data,
extract meaningful insights, and make positive changes, which are the hardest part of
QS” [Choe et al., 2014]. Rooksby et al. [2014] investigate what “people are making
of personal trackers for themselves” and report an interview study with current
users. These studies provide valuable insights about personal tracker users, but
we lack empirical evidence whether these insights also apply in a work setting.
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Previous research in self-tracking has predominantly focused on improving
physical activity, sustainable living, health, and well-being [Isaacs et al., 2013; Li
et al., 2011; Morris et al., 2010; Froehlich et al., 2009]. Additionally, applications
typically target individuals rather than teams. Issues under investigation are
often tracking effort [Li et al., 2011] and support for behavior change [Isaacs
et al., 2013]. While social features are common in QS tools (e.g. sharing activity
levels in minutes or distance run), Rooksby et al. [2014] argue that these features
are not necessarily put to use, but users rather share data to announce their
achievements to friends or to compete with other users. Hence, sharing typically
serves to increase user motivation via competition or peer recognition [Maitland
et al., 2006] rather than to support team and communication processes, as it is
necessary in work settings.
In the study of Li et al. [2010], the authors surveyed and interviewed people
who track and reflect on personally relevant information. Based on this, they
derived a five-stage model of personal informatics systems. The stages comprise
preparation, collection, integration, reflection, and action. The model focuses
especially on barriers in each stage. In comparison to our framework, Li et al.
[2010] address how to design personal informatics systems from a technical per-
spective, whereas we focus on how to use such systems especially for reflective
learning. This aspect is missing in their work. Reflection is only considered as
short- and long-term reflection. Nevertheless, we may extend the model by Li
et al. [2010] and provide a more detailed view with the QS characteristics of
our framework; for instance, regarding the collection of information with our
tracking means and tracking objects.
Within their framework, Li et al. [2011] have identified six different purposes
or questions people have in mind when tracking data (see also Section 3.2.3).
These are to get to know (1) their current status for determining if goals are met
or correction in behavior is needed, (2) the history of their data for determining
trends and progress making, (3) (new) goals worth pursuing, (4) discrepancies
between their set goal(s) and current behavior either to correct or maintain it, (5)
the context that may influence their current status, and (6) long-term influencing
factors in order to monitor trends. They further identified two different phases
of reflection, maintenance and discovery, related to the questions and provide
suggestions on how to support these with technology. However, these insights
are disconnected from their model.
Self-tracking has been also investigated from the perspective of human-computer
interaction systems. However, these research works have focused on approaches
related to well-being, sport, mental health, or multiple types of disease [McDuff
et al., 2012; Sengers et al., 2005; Isaacs et al., 2013; Consolvo et al., 2009a; Rachuri
et al., 2010; Tollmar et al., 2012]. There are few related works that deal with struc-
turing QS approaches towards the purpose of reflection, but this is mainly from
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an HCI design perspective. Fleck and Fitzpatrick [2010] provide a literature
review and framework on reflection together with guiding questions for design-
ing for reflection. Their framework identifies purposes, conditions and levels
of reflection. They suggest uses of technology to support these different levels
of reflection: technology for revisiting, technology for prompting explanation,
technology to see more and technology for transformation.
3.6.2. Computer-Supported Reflective Learning
In Technology-Enhanced Learning (TEL), reflection has played a significant role,
but the main focus has been formal learning in the classroom [Strampel and
Oliver, 2007; Krogstie, 2009]. This has been reflected by the recent emergence of
Learning Analytics (LA), a research area that draws from multiple disciplines
such as educational science, information and computer science, sociology, psy-
chology, statistics and educational data mining [Shum and Ferguson, 2012]. A
review of the development of analytics in educational settings is provided by Fer-
guson [2012], including its origins and drivers, development and challenges of
this young research area.
MIRROR10 is one of the few projects that have investigated the support of in-
formal learning in workplace settings. The work presented in this thesis was
conducted as part of this project, which aimed at providing technological sup-
port for learning by reflection and observation. Within the MIRROR project,
a model for Computer-Supported Reflective Learning in the workplace was
created [Krogstie et al., 2012, 2013]. The CSRL model describes the reflection
process as a cycle and presents the possible support categories. The four stages
of this reflection cycle are depicted in Figure 3.2.
The “Plan and do work” stage refers to doing everyday work, planning and
monitoring any activity. When a trigger occurs, the next stage “Initiate reflection”
is where the reflection cycle starts, having as input the data generated in the
previous stage. The frame resulting from the reflection initiation leads to the
“Conduct reflection” session stage. Finally, “Apply outcome” is the stage in
which reflection outcomes resulting from the reflection session are used to create
changes or feed further reflection. As a complement to this model, the transitions
between different levels inside of an organization and how to facilitate these
transitions through design are discussed in [Prilla et al., 2012]. They present
three levels: individual, collaborative and organizational.
10 http://www.mirror-project.eu
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Plan and do 
work
PlanCwork
DoCwork
MonitorCwork
Initiate 
reflection
SetCobjective
InvolveCothers
PlanCsession
Conduct reflection session
MakeCrelatedCexperiencesCavailable
ReconstructCorCenvisionCworkCexperience
UnderstandCmeaning
ArticulateCmeaning
CritiqueCexperience
ReachCaCresolution
CheckCapplicabilityCofCreflectionCoutcome
Apply outcome
DecideConCchangeCtoC
workC(e.g.Cwhat,Cwho)
DecideChowCtoCmakeCtheC
change
DecideCwhetherCfurtherC
reflectionCisCneeded
New reflection cycle
Figure 3.2.: Model of Computer-Supported Reflective Learning (CSRL)—Reflection cycle
diagram by Krogstie et al. [2013]
The four stages of the CSRL model outline the main points in the process in
which technology can facilitate reflection. Whereas the CSRL model aims at
describing the support of technology from a general procedural perspective,
our IMRLQS model provides an understanding of the design space for the
specific case of QS applications and offers a systematized review on how this
technological support can be realized.
Besides our work on supporting reflective learning with QS approaches, there
are other applications that have been developed within the MIRROR Project.
These applications include a broad variety of tools and systems, ranging from
serious games and creativity applications to sensor-based systems and other
automatic approaches.
A subset of these MIRROR applications is most closely related to our work.
The KnowSelf App [Pammer and Bratic, 2013] logs activity data created by
automatic activity tracking on a PC and its main goal is to support knowledge
workers with time management. At a theoretical level, this application aligns
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well with our theoretical model presented in Chapter 3. However, the use cases
investigated in this thesis address distinct work settings. Another example is
the TalkReflection app [Prilla, 2014], which allows employees to take notes on
difficult talks. Unlike our applications, the TalkReflection app especially aims
at supporting collaborative reflection (by providing annotation and sharing
features) and its target work contexts have been public administration, care
homes and hospitals.
Also as part of MIRROR, and therefore sharing similar goals with this thesis,
the work by Mu¨ller [2014] investigated the design and use of sensor based ap-
plications to support reflective learning. The work presented in [Mu¨ller et al.,
2012] aims at joining persuasive technology (i.e., technology intentionally de-
signed to change attitudes and behavior of users [Fogg, 2003]) and reflective
learning theories to facilitate that both approaches learn from each other. By
using approaches like psychophysiological sensing [Mu¨ller et al., 2011b] and
proximity measurement [Mu¨ller, 2013], his work focuses on the use of hardware
sensors to turn context into learning content. His work also differs to ours in
the targeted work settings, as it has been conducted in the healthcare domain,
aiming to support nurses, physicians, and care staff.
Finally, Fleck and Fitzpatrick [2009] investigated how to support collaborative
reflective practices of school teachers and university tutors as part of their pro-
fessional development. In their studies, tutors wore a SenseCam [Hodges et al.,
2006] to automatically capture images during lessons, which were discussed
afterwards with their mentors. Their results show that the use of the Sense-
Cam and its images supported the returning to their experiences as defined
by Boud et al. [1985], prompted discussion of thoughts, created a sharing of
background context, allowed participants to identify patterns, and supported
reflective discussions in a social context.
This review shows several initiatives to support reflective learning through tech-
nology in different settings, but we lacked a unifying framework that describes
how technology can support users in the stages of the reflective process. This
gap has been fulfilled with the Integrated Model of Reflective Learning and
Quantified Self presented in this Part I of the thesis. This model has guided the
implementation of the prototypes that have been investigated in the remaining
of this thesis.
39

Part II.
Implementation and
Empirical Validation

Overview
In this part, we present three use cases which serve to investigate the applica-
tion of Quantified Self approaches to support reflective learning in different
work settings. For each use case, we present our contributions to the technical
implementation (prototype), as well as to the empirical validation of our work
(studies and evaluations).
We conducted several studies following the design science research principles of
iterative cycles of design, implementation, evaluation and redesign. Each of the
evaluations fed back into the design and development of the application used as
well as into the refinement of the theoretical model. The studies further show the
feasibility and usefulness of our approach and the developed applications. The
validation of our holistic approach was conducted through a total of thirteen
studies with more than 600 participants involved.
Our first use case (Chapter 4) is related to the telecommunications and IT sector.
We aim at supporting knowledge workers in their daily work activities; e.g.,
virtual meetings or customer calls. In our approach to applying QS approaches
to support learning by reflection, we propose an application that allows tracking,
sharing and visualizing one’s mood and emotions. The application, whose
design process is explained in detail, received the name of MoodMap App
(Section 4.2). In this context, the main goal is the improvement of the employees’
performance by increasing emotional awareness and re-evaluating their daily
work experiences as well as the impact of their emotions on it. Additionally,
the impact on communication and coaching practices was investigated in the
conducted studies.
We conducted seven studies with the MoodMap App. The first design study
let us explore tools and methods that can collect information about the mood
of employees (Section 4.4). Following that, the first prototype of the MoodMap
App (Section 4.2.2) was developed and evaluated in a study involving users
participating in virtual meetings (Section 4.5). The results of this evaluation
together with a design study with end users (Section 4.6) informed the further
development of the application towards the second prototype (Section 4.2.3).
Subsequently, we conducted two formative evaluations in a telecommunications
company, but in two different work contexts. The evaluation in Section 4.7
describes the usage of the application in the virtual meetings of one team and
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the evaluation in Section 4.8 details its usage in one team of a call center. The
results from this last evaluation led to the third prototype of the MoodMap App,
which we describe in Section 4.2.4. Finally, the MoodMap App was evaluated
in two summative studies. The first summative evaluation was conducted in
the United Kingdom with four teams in two different telecommunications call
centers (Section 4.9). The second summative evaluation was conducted in Italy,
involving the whole staff team of a small software company (Section 4.10).
Our second use case (Chapter 5) aims at measuring the impact of reflection on
work performance by investigating mood tracking in a controlled environment.
To achieve this, we designed the MoodMarket (presented in Section 5.2), a
prototype that integrates mood tracking in an experimental trading platform.
The MoodMarket was evaluated in an experiment consisting of an asset market,
which is described in Section 5.3.
In our third use case (Chapter 6), we investigate the support of reflective learn-
ing in lectures and conferences, which are one of the main activities in several
professional fields, like teaching, research and business. In this context, the typ-
ical scenario involves a presenter who is addressing an audience. In order to
successfully address this audience, the presenter needs certain skills as well as
previous preparation. In such scenarios, there is a great potential to improve
professional skills and presenter’s performance, by reflecting on data captured
during the event.
To address these issues, we developed the Live Interest Meter App (LIM App),
which allows users to track and visualize feedback from the audience to support
reflective learning. With the first prototype detailed in Section 6.2.2 and the
subsequent tests and evaluations (Sections 6.4 and 6.5), we investigated how
to realize the technical support for reflection on captured feedback, including
aspects such as which data the end users are interested in or how to present and
visualize the necessary information. Subsequently, we developed the second
prototype of the LIM App (described in Section 6.2.3) and conducted an evalua-
tion with it in three lectures at university level (Section 6.6). Section 6.7 contains
a study to explore the use of the LIM App with speakers from different work
settings (lectures, research and business). Finally, the summative evaluation of
the LIM App (Section 6.8), conducted during a whole semester in a German
university, allowed us to investigate the learning outcomes and improvements
at work derived from reflection on tracked feedback.
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on Emotions in the
Telecommunications
and IT Sector
As Boud et al. [1985] identify in their model, emotions play an important role
in the reflection process. Positive as well as negative feelings can lead to a re-
evaluation of past experiences and in the end to a change of behavior. This need
for addressing emotional aspects in reflective learning motivated the design
and development of a tool to support reflection on emotions. From a profes-
sional perspective, the telecommunications and IT sector was identified as one of
the work environments where emotions significantly affect work performance.
Emotional awareness enables users to become aware of the emotional state of
their collaborators and act accordingly to achieve better results in their joint
work [Garcı´a et al., 1999]. This key mechanism also predicts the potential benefits
of self-tracking of mood. We concretely identified three work settings: virtual
meetings and teleconferences where non-verbal communication is missing, call
centers where there is a constant relationship with customers, and a company
dealing with software-technology development and cloud services in the emer-
gency domain. In the following, we specify the requirements and challenges we
found in each of them.
4.1. Work Context, Requirements and Challenges
The goal of developing a tool to support reflection on emotions and work is to
provide users an easy and integrated means to track their mood during work.
The application should facilitate awareness of their moods and insights on how
their moods influence their daily work tasks. Explicit awareness and a deeper
understanding of their attitude to work, confidence as well as skills should be
achieved, by reflecting on their own mood development and on the development
of their team’s mood. The mood of team colleagues should contribute to detect
discrepancies and consequently acquire new knowledge.
45
4. Use Case I: Emotions in the Telecommunications and IT Sector
4.1.1. British Telecom – FWS Department
British Telecom (BT) is a large European telecommunications company, serving
customers in more than 170 countries. Most employees work from home as
teleworkers. Teams are dispersed all over the country, and they are managed
virtually. One of its departments is called Flexible Working Services (FWS) and
its 13 employees are based mainly in the UK and the Netherlands. They are
responsible for product support, and therefore work in contact with several
products at BT. This team has been working together for a long time, and they
depend on virtual meetings for their communication and collaborative work.
The team BT Learning Solutions (LS) is part of this FWS department and has
4 members. The task of this team is to deal with requirements for web-based
learning and e-Learning.
The members of this department participate in weekly (FWS, excluding BT
Learning Solutions) and monthly ‘all hands’ FWS conference calls. Especially
in challenging situations, which may take place in such virtual conference calls
or that are discussed in them, emotions play a very important role in team
communication. These emotions are relevant for reconstructing and reflecting on
experiences from work and learning from them to achieve improvements in their
daily work. Therefore, the needs to improve the team non-verbal communication,
as well as supporting reflective learning at individual and team level were
identified by some members of the teams.
In each of the FWS monthly meetings, the manager of the team explains what
is going on in the organization and which changes or news they have, which
may affect the FWS team. The FWS team has also a weekly call on Wednesdays,
where they mainly present and discuss the state of their work. They also have
a weekly call on Fridays where they explain what they like to do in their free
time and what their plans for the weekend are. The employees have several
professional backgrounds, including product managers, business development
managers and business consultants. Their work brings them into contact with
several technological solutions, especially in the area of technology-enhanced
learning and learning solutions in a professional context.
The following storyboard illustrates well the needs at BT and how they could
benefit from a mood tracking tool1: “BT has an extensive IT infrastructure. This
implies that solutions for reflective learning need to integrate closely with current
technologies and practices of using them. BT already has in place advanced, often
computer-supported, processes of managing competence development and training,
which means that employees’ awareness of the usefulness of new elements of learning
support is strong. Meetings at BT are often virtual and rooms for collocated meetings are
1 We produced this storyboard for British Telecom (BT) in the framework of the MIRROR Project
(refer to Krogstie [2011] for a detailed description of the storyboard including personas)
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generally rented upon need (e.g., ‘war rooms’ used in the preparation of a client offer).
We address the potential to improve virtual meetings by supporting social awareness
and reflection. In this story, the manager of a team is running a virtual team meeting.
The team members are dispersed and they cannot have a collocated meeting. They have
to run the meeting as a phone conference. The communication in the meeting is audio
based. To get some non-verbal feedback in such meetings, a mood self-tracking app has
been introduced. The team manager can use the app to prompt the participants for their
moods at particular points in time; e.g., before and after the meeting. Moods can be
shared anonymously if desired, and real time mood visualizations can be used to show
the range and average mood of the meeting participants.”
The major goals in this setting are (i) to capture the participants’ mood, (ii) to
share and become aware of the mood of the team, (iii) to trigger the participants
to reflect about significant mood changes or relevant situations, and (iv) to show
them a clear benefit, both at individual and team level.
4.1.2. British Telecom – Telecommunications Call Centers
British Telecom (BT) has call centers all over the world offering their services to
their customers. In Scotland, there are two call centers situated in Dundee and
in Alness, which are responsible for incoming product support and information
inquiries from business and consumer customers. BT employs more than 1,000
people in its Dundee center in a range of functions from directory inquiries to
residential and business broadband services. They handle an average of 27,000
calls from all over the UK every day—almost 10 million calls over a year2.
Roles and processes in the investigated call centers align well with the charac-
teristics of emotional labor [Jaarsveld and Poster, 2013]: contact with the public,
manipulation of customers’ emotional state, and control of employer organiza-
tion via supervision and training. The employees have different roles: call takers,
managers and coaches. Work is organized in teams of 10 to 20 call takers that
are led by one manager. Furthermore, each team has one or two coaches, who
support the call takers of the team. Coaches are part of a so-called coaching team
and they usually work with more than one team of call takers.
Call takers are responsible for taking calls and solving any issues directly with
the customers in an efficient, professional and friendly way. They need to have
excellent listening, problem solving and communication skills as they face de-
manding situations on a daily basis. The resolution of queries first time is one of
their priorities in order to provide an efficient service and reduce subsequent
contact of the customers. Call takers work individually in an open plan office
2 This information has been obtained from BT News Releases (2012).
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and have individual callback queues. A specialized software program guides
them through each call. Internal web applications are used to get necessary
information (e.g., customer information). Instant messaging is used for internal
communication and a desktop application is available for taking notes on calls.
Breaks are done individually when there is time between calls and therefore it is
difficult to synchronize one call taker’s breaks with others’. Thus, collaboration
among call takers is in most cases limited to few meetings where management
communicates organizational matters.
Team managers coordinate work within a call center team, review and ensure
that call takers perform against targets, supervise their coaching, and train them
to achieve the agreed personal objectives. Managers see it as challenging to be
aware of the call takers’ ongoing difficulties. On the one hand, managers cannot
always be available for the call takers, when an issue or problem occurs during
a call. On the other hand, it is not always possible for managers to talk to each
of his or her call takers during a working day.
Coaches support and train call takers for their work. They conduct weekly
coaching sessions of 30 minutes with each call taker, which focus on individual
work performance and possible improvements. Coaches ensure that the call
takers have the skills, knowledge, and behaviors to deal with any aspect of a
call and resolve queries first time. The company’s specific Key Performance
Indicators (KPI) and call recordings serve as basis for the coaching sessions.
Although the articulation of mood and emotions at work is often seen as un-
professional [Mentis et al., 2013], the problems and communication patterns of
customers affect call takers’ moods, whilst call takers have to continue commu-
nicating in a friendly and professional manner towards customers. Accordingly,
work in call centers is considered emotional labor [Jaarsveld and Poster, 2013].
Furthermore, previous research [Jaarsveld and Poster, 2013; Colombino et al.,
2014] has shown that call centers are challenging work environments due to their
fast paced work. In this environment, reflection may be considered a liability
rather than a benefit, because it distracts from the next call. Additionally, the
work of call takers is based on individual working routines, while they are part
of big teams at the same time. Work performance is crucial in settings such as
call centers, where periodic performance data are the key output for the service
provider, and the measured performance of the call center is quite literally the
aggregated performance of all its agents [Colombino et al., 2014]. Although
many aspects of employees performance are monitored and while being an emo-
tional labor job [Jaarsveld and Poster, 2013], mood as indicator of performance
has not been considered yet. This offered us more potential to achieve positive
improvements in both individual performance and team working atmosphere.
Together with call takers, managers and coaches, we explored the potential
benefits of mood self-tracking and the integration into work processes. We
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identified the following possibilities to embed mood self-tracking: (i) mood is
captured before and after calls by call takers, (ii) mood is reviewed during the
coaching sessions, and captured during and after coaching sessions, and (iii)
managers review mood as part of their routine work process.
4.1.3. Regola – Software Solutions Department
Regola is an Italian company which is leading the development of software-
technology and cloud services in the emergency domain, including ICT systems
for emergency centers and volunteering associations. The company is located
in Turin and has 35 employees organized in five departments. Each of the
departments has four to sixteen staff members and is led by a manager, and one
of the managers is responsible for two departments.
The different departments include development, production, service desk, sales
and management. Therefore, there are several teams and profiles according to
their competences; e.g., system technicians, developers, project managers, call
takers from service desks, sales consultants and marketing staff.
The Administrative department consists of four staff members. Their daily
tasks include controlling, finance, accounting, secretarial activities, personnel
management, and trademarks registration. Potential situations, which were
identified as more stressful or emotional, encompass the rectification of errors,
meeting deadlines, contacting morose or non-paying customers, and obtaining
financial resources. Moreover, in order to fulfill these tasks they have to collect
the necessary information from other areas of the company, which usually leads
to stress and conflicts.
The department of Sales and Marketing consists of one sales director and three
staff members. Their daily work tasks are scouting, managing offers, attending
conferences/exhibitions/fairs, preparing events, social management, evaluating
new projects and opportunities, assisting clients and partners, documenting
objectives as well as managing accounts and contacts (B2B). Possible stressful
or emotional situations arise from simultaneous requests and ongoing activi-
ties, impending deadlines of offers or commercial opportunities, complaints or
difficult relationships with clients and competitors. Further challenging tasks
for them encompass the introduction of several different projects to potential
clients, packaging and communicating to recipients all the latest innovations
from the production area, as well as handling periodic or yearly contracts.
The Support and Service Desk department consists of one operational director
and six staff members. The employees are software skilled operators, application
specialists, system technicians and network security specialists. They provide
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first, second and third level support and assistance to clients. Their work is
mainly conducted via telephone or internet, remote connections and eventually
on-site actions to investigate and solve critical issues, according to predefined
Service Level Agreements (SLA). Several stressful and emotional situations
identified by the Regola staff include: crashes of emergency centers or a critical
problems in the global infrastructure, tasks registered with a high priority (e.g.,
typically blocking issues in their software applications), and remote support
and assistance of users (perceived as highly stressful if the user speaks another
language). Occasionally, they have a 24 hour turnover to eventually support and
fix critical issues occurring in emergency centers. This creates additional burden
given that it is out of their normal working routine and usually an employee is
on his or her own.
The Production department has a chief technical officer (CTO) and five project
managers. The major tasks of the CTO are planning the global activities, design-
ing global projects, choosing the right technologies and organizing coordination
meetings. The CTO receives input from each project and keeps control of the
global design of the projects in terms of integration and technology. He also
handles the requests from the sales department. Project managers deal with team
management and organize the corresponding meetings. They are also responsi-
ble for the requirements engineering processes. Stressful and emotional situa-
tions occur with respect to hard deadlines, investigation of new technologies,
documentation of requirements analysis, discussions with customers, checking
of the development progress, and the debate of issues with the developers.
The Development department is led by the CTO of the previous team and
has 16 developers. Their main tasks are new developments, bug fixing, and
testing of their software. Stressful situations might occur when they have to
meet project deadlines, provide urgent bug fixes, or use new technologies they
are not profficient with.
In conclusion, employees at Regola often face stressful and emotional situa-
tions, as they are not only dealing with the challenges of traditional software
development but also with the difficulties of the emergency domain. From an or-
ganizational perspective, new regulations are being created in Italy that consider
stress levels and emotional overload at work a major problem and therefore it is
mandatory to take actions to reduce them. Therefore, Regola was aiming at (i)
creating awareness that the organization is caring about their staff, (ii) raising
awareness on the importance of individuals for managers, and (iii) improving
self-awareness about employees’ own mood development and stress levels. As
a result they want to understand how they can improve the mood of their em-
ployees, how such mood influences their work, and how to identify and change
particular issues that arise in the different departments.
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4.2. MoodMap App
The MoodMap App (MMA) is a web application which allows users to track,
share, and visualize moods and annotations. It provides the user with the pos-
sibility to capture and contextualize his or her mood during a working day or
within specific situations like meetings. The analysis of the captured moods, on
an individual as well as collaborative level, aims at initiating and guiding the
reflective learning process. In collaborative settings, the MoodMap App allows
seeing the mood of others in an anonymized way, which in the end could also
be a starting point for reflective learning.
Intuitively, one would say that by using self-reported tracking we are able to cap-
ture individuals’ emotions rather than moods. Nonetheless, the most extended
term concretely in research and generally in the society is “mood tracking.” In
our research with self-reported mood capturing, we cannot differentiate if a user
tracks a mood or an emotion, as they will not be able to specify it and they simply
state if they are, e.g., feeling happy, angry or sad. However, this fact does not
affect our research because our consideration is based on how a person is feeling
(is he or she happy? or angry?) and not on the differentiation if it is an emotion
or a mood. Russell [2003], who did extensive research on emotion and cognition,
also downplays the relevance of terminology to a pragmatic level: “At the heart
of emotion, mood, and any other emotionally charged event are states experienced as
simply feeling good or bad, energized or enervated.”
The mood representation within the MoodMap App (called mood map) is based
on the Circumplex Model of Affect by Russell [1980]. This model distinguishes
between valence (negative to positive feeling) and arousal (low to high energy).
Each mood can be understood as a linear combination of these two dimensions,
or as varying degrees of both valence and arousal (see Figure 4.1). The mood
map has as background a gradient of colors, which are associated with the
main moods placed in each of the quadrants of the map. This representation is
based on Itten’s color system [Itten, 1971], which was adjusted to fit Russell’s
Circumplex Model of Affect (see [Sta˚hl et al., 2005]). This mood representation
was chosen because it offers a simplified way of assessing mood (based on
two numerical components) but it does not limit users by offering only a set of
discrete mood variables (as it is the case in, e.g., taxonomies or smileys).
The MoodMap App allows users to select a mood on the colored bi-dimensional
map, by indicating how pleasant/unpleasant and activated/deactivated they
feel. The wording of the user interface was adapted to facilitate the understand-
ing by end users. Both axis are numerically represented in the range [0,1]. The
mood can be entered by clicking in the mood map and therefore mood capturing
is made through a user-initiated mechanism. The aggregation of moods at group
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level is done through the mathematical calculation of the mood average, which
is computed by averaging the valence and arousal components separately as
defined in Equation 4.1.
MoodAV G =
[
1
n
n∑
i=1
Vlatesti ,
1
n
n∑
i=1
Alatesti
]
(4.1)
where:
n is the number of users in the group
Vlatesti is the valence level of the last present-day mood of user i
Alatesti is the arousal level of the last present-day mood of user i
ACTIVATION
DEACTIVATION
PLEASANTUNPLEASANT
tense
nervous
upset
stressed
alert
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sad contented
serene
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relaxed
Figure 4.1.: Circumplex Model of Affect by Russell [1980]
4.2.1. MoodMap App: IMRLQS Support Dimensions
According to our Integrated Model of Reflective Learning and Quantified Self
(presented in Chapter 3), the MoodMap App offers support for the dimensions
shown in Table 4.1.
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Table 4.1.: Dimensions of the IMRLQS that are supported by the MoodMap App
Support Dimension Characterization MoodMap App
Tracking
Tracking means Software sensor (web-based application)
Tracked aspects Emotional (mood), activity (work task)
Purposes Raise emotional awareness, improve
communication and work performance
Triggering Active Emails with reports, user prompts
Passive Live mood visualizations, mood reports
Recalling &
Revisiting
Contextualization Social context (sharing and comparing
moods) and historical context
Data fusion Subjective data (self) and group data
Data analysis Mathematical and graphic aggregation
Visualization Daily and weekly timelines showing
mood trends and annotations, visualiza-
tions for comparing self- and group val-
ues, smileys to represent single values,
visualization to show overall amount of
captured data
We conducted a first exploratory study with formative aspects to evaluate the
potential of a mood tracking tool in a project meeting (Section 4.4). The first
prototype of the MoodMap App (version 1.0, see Section 4.2.2) was evaluated at
British Telecom (BT)within the Learning Solutions department. A team with 12
participants used the app in weekly virtual team meetings, in order to overcome
the lack of non-verbal communication during such meetings (for further details
refer to Section 4.5).
After this evaluation study, we received crucial insights concerning the further
development of the MoodMap App. The results showed especially that the
participants did not perceive enough benefits for themselves, and could not yet
identify how the MoodMap App could help them during their daily work and
support reflective learning. We gathered qualitative as well as quantitative feed-
back that inspired and motivated the development for the second prototype.
Together with members from the same organization (BT), we conducted a design
workshop in order to define the next necessary features that would improve the
reflection support capabilities of the MoodMap App. The workshop develop-
ment and its results are described in detail in Section 4.6.
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The development of the second prototype (see Section 4.2.3) focused on the
guidance of the reflective process. This guidance included features to support
reflection during the day, when moods are captured, as well as at the end of
certain events (e.g., after a meeting). The designed features to guide reflection
encompass (1) user prompts, (2) richer contextualization, (3) meeting reports as
well as (4) a reflection journal and (5) direct feedback via emails. This second
prototype was evaluated in a formative user study at British Telecom Flexible
Working Services (see Section 4.7).
In summer 2013, we conducted a second formative evaluation with the second
prototype of the MoodMap App (2.0). The study was conducted at a British
Telecom call center (see Section 4.8). The evaluation results guided the devel-
opment of the third prototype of the MoodMap App (see Section 4.2.4). The
main changes in the MoodMap App 3.0 included the adaptation of the moods’
contextualization to the working processes, the inclusion of teams and user
roles in the application, as well as the design of new views to offer insights on
individual team members.
Table 4.2 shows an overview of the developed prototypes and the main added
or modified features in each prototype.
Table 4.2.: Overview of the MoodMap App prototypes
Prototype Version Release Date Added/Modified Features
MoodMap App 1.0 January 2012
Capturing mood and moodlist
Personal Views (Timelines)
Collaborative Views (Compare
Me and Collaborate)
Simple MoodMap Meetings
MoodMap App 2.0 June 2013
Timeline View
Meeting configuration
Meeting reports
Contextualization of moods
User prompts
Email functionality
MoodMap App 3.0 November 2014
Team capabilities
Adapted contextualization
Team Views
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4.2.2. MoodMap App 1.0
In the following, we describe the interface and the features of the first prototype
of the MoodMap App.
Capturing Mood
In the MoodMap App, a two-dimensional color-coded visualization called ‘mood
map’ is used to represent moods. This visualization is used directly for mood
capturing and is preserved in all representations of captured mood as well. As
detailed above, this representation is based on the Circumplex Model of Affect
by Russell [1980]. It must be noticed that the use of a scientific or psychological
terminology was avoided. Therefore, in the MoodMap App valence is called
feeling whereas arousal is named energy. Users can express how they feel by
clicking at the appropriate area of the mood map (Figure 4.2).
Figure 4.2.: Capturing Mood View: Users track their own mood in the two-dimensional
color-coded mood map (left) and review it in the moodlist (right)
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As soon as the user expresses a mood within the MoodMap App, it appears in
the moodlist (see Figure 4.2 to the right). The moodlist is a list of the moods
and their attached notes that have been captured during the day or during
a certain meeting. This feature was inspired by the well-known lists of posts
from numerous social networks like Twitter3. An entry in the moodlist has a
timestamp and shows the color of the captured mood. Notes can be added to any
mood in this moodlist; e.g., to comment on the mood or add any appreciation.
Personal Views
Users can review their personal mood data on a timeline, which is part of the My
Timeline View (see Figure 4.3). Two timeline visualizations are available: (a) the
Energy Timeline (Figure 4.3, left), with a vertical axis that indicates the arousal
level and colored smileys that represent the valence level, and (b) the Feeling
Timeline (Figure 4.3, right), with a vertical axis that indicates the valence level,
while the arousal level is coded by the color and dimension of a circle.
Collaborative Views
Besides the individual visualizations, the MoodMap App provides two views
at collaborative level: Compare Me and Collaborate. These visualizations contain
anonymized information about the moods of the group members.
Users can compare their own mood with the mood of other colleagues or team
members using the Compare Me visualization (Figure 4.4 to the left). In order
to facilitate this comparison, both valence and arousal values are represented
separately through bars. The vertical bars represent the range of values (from
0 at the bottom to 1 at the top of the bar). The bar on the left shows the user’s
valence levels (from good to bad) whereas the bar on the right shows his or her
arousal levels (from low to high energy). On each bar, the blue arrow on the
left represents the individual user’s value, whereas the black arrow on the right
shows the average value. The average values for both consist of the average
computed over all latest entries from all users, calculated separately for valence
and arousal values (see Equation 4.1). In case the user is in a meeting, the
average mood considers all participants in the meeting. By moving the mouse
over the arrows, the user will get more information about the current number of
participants.
3 http://twitter.com/
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Figure 4.3.: Personal Timelines showing the same moods with different visualizations.
Figure 4.4.: With Compare Me (left) users can compare their own valence and arousal
levels with the averages of the team members. With Collaborate (right) users
see the average mood (cross) and distribution of individual moods (single
dots) in the mood map.
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In the Collaborate View (see Figure 4.4 on the right), a large red cross placed on the
mood map shows the average of the latest mood entries of all users. By clicking
this cross, the distribution of the anonymous individual entries (small red dots)
is shown. With this view, users can get an overall impression of the team’s mood,
besides seeing in a more precise way, if all participants have similar moods.
MoodMap Meetings
Every user has the possibility to create a meeting which is visible for all users in
the application. A meeting is defined by a title and a brief description.
Before capturing a mood, the user can select a meeting to which the moods will
be attached (see Figure 4.2). When clicking on the drop-down menu, all available
meetings are presented in a list. By clicking on one title, the meeting is selected,
and all further captured moods are automatically assigned to this meeting. If no
meeting is selected, the mood is stored associated to the current day. All other
visualizations like My Timeline, Compare Me, and Collaborate will also show the
information of the currently selected meeting.
4.2.3. MoodMap App 2.0
One of the changes made in the MoodMap App 2.0 was the adaptation of the
mood map and its colors to faithfully follow the Itten’s color system [Itten, 1971].
This adjustment was done following the work of Sta˚hl et al. [2005], who adjusted
this color system to fit Russell’s Circumplex Model of Affect [Russell, 1980]. This
improved the user interface of the application by relying on foundations for the
description and expression of emotions [Sta˚hl et al., 2005]. All visualizations
containing the mood map or derived visualizations were slightly changed ac-
cording to this new color scheme. As an illustrative example, Figure 4.5 shows
how this color coding affected the collaborative views.
In this second prototype, several features to guide reflection were introduced.
These features include user prompts, richer contextualization, meeting reports
containing a reflection journal, and direct feedback via emails. User prompts are
implemented to motivate users to insert their moods or being more active in
using the MoodMap App during a meeting. These prompts should also make
users aware of significant mood changes in their own mood as well as crucial
deviations from the average team meeting mood. They encourage users to reflect
about their mood development directly during the usage of the MoodMap App.
Providing a field for inserting the current meeting topics in a contextualization
field should facilitate the recall of the past meeting.
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Two different types of meeting reports have also been implemented to motivate
users to reflect on the meeting when it is over. These reports provide general
information about the meeting, as well as information about the average mood
development of all participants during the meeting, which offer deeper informa-
tion for reflection. The possibility of comparing one’s own mood to the average
team mood provides further input to reflect about the individual mood develop-
ment during a meeting. The available reflection journal is intended to store the
individual insights and reflection outcomes in relation to the meeting. In case
a user prefers to reflect about the meeting later on and wants to be reminded,
feedback functionality via email was also integrated. The content of these emails
depends on the individual user settings, which allow defining what kind of
information will be sent to him or her, along with a direct link to the meeting
report in the MoodMap App.
With the development of the meeting reports, the MoodMap App can support
the two types of reflection defined by Scho¨n [1984]. On the one hand, reflection-
in-action, which takes place while doing work, is supported by the different live
visualizations, both individual and collaborative ones. On the other hand, the
new implemented reports are designed to support reflection-on-action; i.e., in
retrospective by analyzing reactions to any situation and exploring the reasons
and consequences afterwards.
Timeline View
The Timeline View (see Figure 4.6) was simplified to allow users to see their
moods in a single timeline. In this prototype, each mood point is split into its
two dimensions: valence and arousal. The blue line in the figure represents the
valence, whereas the red line shows the arousal. The value of the y-axis goes
from 0 to 1 representing the state from very low to very high valence and arousal
values. The x-axis represents the time. If a mood point has an attached note, it
will be shown when the mouse moves over the point in the timeline. If context
information was added in the Capture Mood View, it is shown to the bottom
part of the timeline. By moving the mouse over the context symbol, the context
information is displayed. If numerous mood points are shown in the timeline
within a short time span (e.g., a minute), the user can zoom in by selecting the
according points in the timeline visualization (holding the mouse while selecting
the fragment of the timeline that should be zoomed).
59
4. Use Case I: Emotions in the Telecommunications and IT Sector
MoodMap Meeting Configuration
The most relevant added feature in this second prototype was the administration
of meetings in the application. In order to fit the usage in virtual meetings,
the configuration of meetings as well as reports on the gathered data were
needed. Users can define several parameters when creating a meeting; e.g.,
name, meeting place and time. They can also select participants and a moderator
for the meeting (per default the current user is set as moderator). The moderator
as well as the participants can be invited to the meeting via email.
Figure 4.5.: Example of adapted color scheme in the collaborative views of MoodMap
App 2.0: Compare Me (left) and Collaborate (right)
Figure 4.6.: Timeline View: Users track their own mood and visualize it in a timeline
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MoodMap Meeting Reports
When a meeting is over, the user can visit two types of reports. The Meeting
Reports and the Meetings & Me Report, which are both accessible via the My
Meetings tab. The Meeting Report provides information about a past meeting
and the captured moods of the participants, whereas the Meetings & Me offers a
comparison of the user’s personal mood during the meeting and that of his or
her colleagues (team mood).
Users can see reports about all the meetings they have participated in. On the
left side of the report (see Figure 4.7), general information on the meeting is
available, including the meeting date, duration, moderator, type, place and num-
ber of participants. The Meeting Mood News visualizes relevant mood changes,
which were detected during the meeting. These changes refer to significant
individual mood changes, but also to remarkable deviations of the individual
mood from the average team mood. The small picture of the mood map in the
upper right corner shows the number of mood points that were entered by the
participants in each quadrant during the whole meeting. The timeline including
the individual context information shows the average team mood development
over the meeting time. Using this information, users can reflect about the whole
meeting; e.g., bringing together the meeting mood news with the average mood
on the timeline, or seeing the mood distribution of the whole meeting might
lead to personal insights or thoughts. These thoughts could then be inserted
into the reflection journal, which gathers all the insights that the user gained by
exploring the data.
The Meetings & Me tab gives access to meeting reports with information about
what happened during the meeting in relation to the user’s individual mood.
Through the select box with all the meetings a user has ever participated in,
the user can select which report is visualized. In each report (see Figure 4.8),
the Meeting Mood News is shown, analogous to the previous Meeting Reports.
Additionally, two timelines with the corresponding context information are
visible. The first timeline represents the valence level, where the individual
valence development and the average collaborative valence development are
represented in two separated lines (light and dark blue respectively). The second
timeline covers the arousal values, showing the individual (light red), as well as
the average arousal (dark red) levels of the team, separately. These visualizations
facilitate the direct comparison of the individual to the average collaborative
mood development. Reflecting on the data and associating them with the Meeting
Mood News might lead to new insights. These insights can also be stored in the
reflection journal, which the user can revisit later.
61
4. Use Case I: Emotions in the Telecommunications and IT Sector
Figure 4.7.: Meeting Report: Summary and analysis of captured moods and notes during
a meeting or a working shift
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Figure 4.8.: Meetings & Me Report: Analysis and comparison of one own’s mood and the
average mood of the team
Figure 4.9.: Contextualization of moods: Text field to enter the current situation
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Contextualization of Moods
For a better contextualization of the captured moods; i.e., to add information
about the situation in which the current mood emerged, a context input field is
to follow the mood development and the corresponding context. This feature
aimed at facilitating a subsequent reflective learning process, by providing
further information about the user when a certain mood was captured.
User Prompts
User prompts were added to motivate users to capture data and to trigger
reflection. Different types of prompts were implemented in the MoodMap App
(see Figure 4.10). These prompts appear if something relevant or significant has
happened during a meeting. The first type of prompts aims at increasing data
capturing. They appear under different circumstances: at the beginning of a
meeting, during the meeting, if the user has not inserted a mood for a while,
and at the end of the meeting. This last prompt enables the user to jump straight
to the corresponding meeting report in order to explore the data and reflect
on it directly when the meeting is over. A second option in this prompt allows
the user to receive an email (according to the users setting) with information
about the meeting. This email will serve as a reminder for the user to reflect
about the meeting at a later time (see further details in Section 4.2.3). The second
type of prompt is used as guidance for the user to reflect on his or her mood
directly during the meeting. Significant mood changes may trigger a reflective
process, but also discrepancies with the collaborative mood could lead to new
insights. The changes on the individual level encompass significant increments
or decrements of the valence or arousal levels from one mood to the next one.
Comparing the user’s mood to the average team mood makes the user aware of
significant deviations with respect to the mood of his or her colleagues. In both
cases, the user is asked for the reason of that change or deviation; e.g., why the
arousal level raised, or why his or her mood is much better than the average
team mood.
Email Functionality
In the user settings there is the possibility to configure the email options. There
are three available email settings: (1) Send me email reports containing only the
information about the meeting (name, date, etc.): emails will only consist of general
information about the meeting; e.g., the name of the meeting, the date of the
meeting or the number of participants. Additionally, a link will be available to
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go directly to the “Meeting Report” section in the MoodMap App. An example
of this email is depicted in Figure 4.11. (2) Send me email reports with information
about the meeting and my moods: emails will encompass, besides general meeting
information, also information about the individual mood development during
the meeting. This email will contain a link to the corresponding meeting within
the MoodMap App too. (3) Don’t send me any email reports: when selecting this
option, the current user will not receive any emails of the MoodMap application
containing reports about the meetings.
Figure 4.10.: Examples of prompts: increasing awareness of significant mood changes
(left) and pointing out to available data reports after a meeting (right)
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Figure 4.11.: Email containing information about a meeting and the participants’ moods
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4.2.4. MoodMap App 3.0
In this third prototype, the features that remained (i.e., Capture View, Personal
Views, Collaborative Views and Meeting Reports) were slightly adapted to
the new user interface but no changes were produced. Therefore, we will not
describe them again, but show how they visually looked like in this third and
last prototype.
The MoodMap App 3.0 underwent three major modifications. Firstly, team
capabilities were added to the application, allowing the aggregation of users
in teams and the automatic generation of working shifts. Secondly, pre-defined
context types were implemented and users were asked to select one of them
every time they captured a mood. Finally, three new team visualizations only
accessible for managers and coaches were added. These visualizations give said
managers and coaches further insights about the moods of each single employee
of his or her team and serve as triggers to reflect upon the mood development
of their team members as well that of the whole team. All these changes also
required adding user management and distinguish the different types of users
in the MoodMap App; i.e., managers, coaches and staff (call takers, software
developers, etc.).
Team Capabilities
One of the most important structural changes in the application was the support
for teams. The app users have to subscribe to previously configured teams and
their moods are automatically aggregated in the corresponding team and shift,
depending on the time when the mood was captured. The selection of the team
is done when registering in the application and is subsequently configurable
through the user’s settings. They must also specify their role in the team; e.g.,
call taker, coach or manager. Users are automatically redirected to their teams’
shift when entering the MoodMap App. This reduces the efforts to capture
moods during the daily work and allows a faster classification of the moods.
Adapted Contextualization
In order to add information about the situation in which the current mood
emerged, users are asked to select a pre-defined context (i.e., after a call, after a
coaching session, after a break, others) and add a free-text note (e.g., why he or
she is feeling like this) immediately after capturing a mood. For each inserted
mood a pop-up appears, asking explicitly for the corresponding context (see
Figure 4.12). The context is added to the moodlist which allows following the
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mood development and the associated context. This feature aims at guiding
contextualization and, as a consequence, facilitating a subsequent reflective
learning process.
As part of this adaptation, each inserted mood is also represented in the form
of a smiley in the bottom right corner of the app. This smiley appears after the
user has captured a mood and entered the corresponding context. The size of
the smiley represents the arousal level; i.e., the bigger the smiley the higher the
arousal value is. The expression of the smiley represents the valence level; i.e.,
the more a smiley smiles, the better the valence of the individual is, whereas
a sad smiley represents a negative valence of the user. The color of the smiley
corresponds to the color of the point that the user clicked in the mood map.
Team Views
If the user is a manager or a coach, further visualizations with non-aggregated
moods of the team members are available. Each manager or coach can only
see the moods of members in his or her own team(s). Other users in the app
(e.g., call takers) are not able to see these visualizations. There are three team
visualizations available: Team Day, Daily Timeline and Weekly Timeline. These
views give the manager the possibility to gain more insights about the mood of
each individual team member and at the same time get an impression of the team
as a whole. Figure 4.13 shows a screenshot of the Team Day visualization with
the current mood of each team member in the form of a smiley (the codification
of the smiley was previously explained in Section 4.2.4). Additionally, the color
of the smiley is the same as the corresponding point in the mood map. When
clicking on a smiley, the timeline is opened representing the arousal and valence
development of the selected user of the corresponding day (see bottom part of
Figure 4.13). The visualization Daily Timeline is shown in Figure 4.14, with all
single mood points of each user on the timeline and the average development of
the team moods (continuous line). This view gives the manager a possibility to
see how the single mood points have developed during the whole day according
to the arousal and the valence levels of the whole team.
The third Team View Weekly Timeline (Figure 4.15) shows the mood development
of each single team member during the whole week. The timeline is interactive,
allowing the user to select which values should be visualized. By clicking on the
Feeling and Energy of each team member in the legend, the arousal and valence
levels of each person can be added or removed of the timeline as required.
When clicking on the Hide all button, all individual arousal and valence lines are
removed and only the average arousal and valence lines of the whole team are
displayed.
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Figure 4.12.: Compulsory context for each inserted mood
Figure 4.13.: Smileys View: Smileys visualization with today’s average mood of each
individual team member. When selecting a smiley, the moods and notes of
the selected user are shown in the timeline below.
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Figure 4.14.: Daily Timeline: Development of the moods of all team members (single
points) and average team mood (lines). Moods are divided in their two
components: The upper timeline shows valence values (feeling) and the
lower timeline shows arousal values (energy) of each mood. The small dialog
with the name of the user and the context appears when hovering over a
certain mood point.
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Below the timeline visualization, a pie chart visualization per team member is
shown. Each pie chart represents the total number of captured moods and the
percentage of moods that were attached to each type of context, according to the
options available in the contextualization of moods (see Figure 4.12).
Figure 4.15.: Weekly Timeline: Mood development of each single team member during
the whole week (top) and interactive charts with distribution of types of
mood contexts for each team member (bottom). Available context types
were: after a call (blue), after a break (green), after a coaching session (red),
and other (purple).
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4.2.5. Implementation
The MoodMap App is a web-based application built with a three-tier architecture.
An overview of the architecture is shown in Figure 4.16.
Presentation
Application
Data & Storage
HTTPS
Apache HTTP 
Server
Apache Tomcat
Application Server
Web Client
redirect request
Figure 4.16.: MoodMap App Architecture
Presentation
The MoodMap App Interface defines the GUI that allows users to interact
with the application. The MoodMap App client is an AJAX4 web application
implemented in Java. The Google Web Toolkit is responsible for the compilation
of the Java code into a deployable Web application based on JavaScript and CSS.
From a developers’ point of view, this facilitates the process of building a Web
application, as Java code is commonly employed and many compatible libraries
4 Asynchronous JavaScript And XML [Garrett, 2005]
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already exist. The Web application is hosted by Apache Tomcat5. Client and
server communicate via HTTP requests.
Application
The MoodMap App server takes care of data management. Therefore, it provides
the necessary services as well as the database. Each service provides methods
which carry out a specific task. Each task communicates with the database to
read and write data.
Data and Storage
Users, moods and other data are stored as RDF data in a triple store. The triple
store used to manage the MoodMap App data is Virtuoso6, which is an open
source database engine. Virtuoso provides data management based on the RDF
and SPARQL query language standard. In addition to the capabilities of any
other relational database, Virtuoso has additional benefits; e.g., the reuse of
existing vocabulary (SIOC, FOAF) when designing the MoodMap App data
model or the easy installation and maintenance.
All classes and properties listed in this section which do not have a prefix use
the MoodMap App Schema prefix (http://moodmap.org/2012/schema#).
In the following, we give further details about the classes of the MoodMap App
Schema.
• User: Users are part of the graph with the IRI: http://moodmap.org/
2012/namedgraph/user. Users are identified uniquely by a username,
which is part of the IRI. The data of a user is divided in two classes. The
first class (foaf:Person7) saves the name and account of the user. The second
class (sioc:UserAccount8) is used for the email and configuration of the
account in the application. The triples contained for each Mood in the
ontology are detailed in Table 4.3.
• Meeting: All Meetings are saved as part of the Meeting Graph (http:
//moodmap.org/2012/namedgraph/meetings). The data of a Meet-
ing is divided in several concepts, whose root is the Meeting itself. The
triples contained for each Meeting in the ontology are detailed in Table 4.3.
Meetings are identified by a unique ID consisting of a 128-Bit random
5 http://tomcat.apache.org/download-70.cgi
6 http://virtuoso.openlinksw.com/dataspace/doc/dav/wiki/Main/
7 foaf: http://xmlns.com/foaf/0.1/#
8 sioc: http://rdfs.org/sioc/ns#
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number (UUID, Immutable Universally Unique Identifier). The type and
place of the Meeting is defined in the MoodMap Schema.
• Mood, Context and User Prompt: Moods are grouped in Graphs accord-
ing to the date when they are created. This structure facilitates the search
and retrieval of moods because the use cases we are dealing with are fo-
cused on certain days (e.g., all moods of a user in a certain day). Contexts
and User Prompts are also grouped following the same principle in the cor-
responding graphs. Moods, Context and User Prompts are always linked
to a user of the MoodMap App, and optionally to a Meeting. The triples
saved for each of these elements in the ontology are detailed in Table 4.4.
• Reflection Entry and Journal: A Reflection Entry is an annotation of a
user done in a mood report. A report can contain more than one Entry
from a certain user and they compose the Reflection Journal. All Reflection
Entries are grouped in a graph. Table 4.4 shows the triples saved for each
Entry in the ontology.
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Table 4.3.: Triples of the MoodMap App ontology for Users and Meetings
Element Subject Predicate Object
User
foaf:Person (User IRI) foaf:firstname rdfs:Literal
foaf:Person (User IRI) foaf:lastname rdfs:Literal
foaf:Person (User IRI) foaf:account sioc:UserAccount (BN)
sioc:UserAccount (BN) foaf:AccountName rdfs:Literal
sioc:UserAccount (BN) sioc:email rdfs:Literal
sioc:UserAccount (BN) has email settings xsd:string
sioc:UserAccount (BN) has sharing settings xsd:string
sioc:UserAccount (BN) has password xsd:string
sioc:UserAccount (BN) sioc:account of foaf:Person (User IRI)
Meeting
Meeting (BN) rdf:type Meeting
Meeting (BN) time:hasBeginning time:Instant
Meeting (BN) time:hasEnd time:Instant
Meeting (BN) of type type of meeting
Meeting (BN) at place place of meeting
Meeting (BN) rdfs:label rdfs:Literal
Meeting (BN) has id xsd:integer
Meeting (BN) has creator sioc:UserAccount
Meeting (BN) sioc:has moderator sioc:UserAccount
Meeting (BN) sioc:has usergroup sioc:UserGroup
Meeting (BN) do notify moderator xsd:boolean
Meeting (BN) do invite participants xsd:boolean
Meeting (BN) allow coolaborative views xsd:boolean
Meeting (BN) allow reflection amplifiers xsd:boolean
sioc:UserGroup (BN) sioc:has member sioc:UserAccount
time:Instant (BN) time:inXSDDateTime xsd:dateTime
*BN indicates Blank Node
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Table 4.4.: Triples of the MoodMap App ontology for Moods, Contexts, Reflection Entries,
and User prompts
Element Subject Predicate Object
Mood
Mood (BN) rdf:type Mood
Mood (BN) time:inXSDDateTime time:Instant (BN)
Mood (BN) is mood of foaf:Person (User IRI)
foaf:Person (User IRI) has mood Mood (BN)
Mood (BN) has energy xsd:double
Mood (BN) has feel xsd:double
Mood (BN) aroused at Meeting (BN)
Mood (BN) rdfs:label xsd:string
Meeting (BN) aroused Mood (BN)
Context
Context (BN) rdf:type Context
Context (BN) time:inXSDDateTime time:Instant (BN)
Context (BN) has creator foaf:Person (User IRI)
Context (BN) is context of Meeting (BN)
Context (BN) rdfs:label xsd:string
Meeting (BN) has context Context (BN)
foaf:Person (User IRI) creator of Context (BN)
Reflection Entry
ReflectionEntry (BN) rdf:type ReflectionEntry
ReflectionEntry (BN) time:inXSDDateTime time:Instant (BN)
ReflectionEntry (BN) has creator foaf:Person (User IRI)
ReflectionEntry (BN) is entry of Meeting (BN)
ReflectionEntry (BN) rdfs:label xsd:string
Meeting (BN) has reflection entry ReflectionEntry (BN)
foaf:Person (User IRI) creator of ReflectionEntry (BN)
User prompt
User prompt (BN) rdf:type Amplifier
User prompt (BN) time:inXSDDateTime time:Instant (BN)
User prompt (BN) has creator foaf:Person (User IRI)
User prompt (BN) is amplifier of Meeting (BN)
User prompt (BN) rdfs:label xsd:string
Meeting (BN) has amplifier User prompt (BN)
foaf:Person (User IRI) creator of User prompt (BN)
*BN indicates Blank Node
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4.3. Evaluation Approach
Table 4.5 summarizes the studies and evaluations conducted with the MoodMap
App in chronological order. In the following sections, we describe the procedure
and the results of each evaluation.
During our research, seven studies were conducted with the MoodMap App
enrolling a total of 193 participants.
Table 4.5.: Overview of the MoodMap App evaluations
Type of
Evaluation
Organization/
Setting
App
Version
Participants Start–End
Design Study Project Meeting 0.5
10-05-2011
32 researchers 12-05-2011
Formative BT (FWS*) 1.0
12 product 13-02-2012
managers and 12-03-2012
consultants
Design Study BT (FWS) 1.0
9 product 15-10-2012
managers and
consultants
Formative BT (FWS) 2.0
12 product 24-05-2013
managers and 24-08-2013
consultants
Formative BT Dundee 2.0
2 managers 13-06-2013
10 coaches 16-08-2013
10 call takers
Summative BT DundeeBT Alness 3.0
4 managers 20-11-2013
2 coaches 20-12-2013
65 call takers
Summative Regola 3.0
35 employees 12-02-2014
from different 31-03-2014
departments
*FWS: Flexible Working Services
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4.4. Design Study I: European Project Meeting
The goal of this first design study was to identify tools and methods that can
collect information about the mood of employees. Mood capturing needs mini-
mal involvement of the employee and could be used to support the reflection
process. Stating the current mood with a single click needs much less time
than writing a diary. Additionally, this data can be anonymously collected and
aggregated for teams or organizations. This aggregated data could be used
as feedback to reward employees for stating their mood. Besides, the use of
different visualizations can motivate the user and stimulate reflection.
Considering these hypotheses, the following three main aspects were researched
in this design study:
• How to motivate employees to capture and share their mood?
• Does mood data indicate critical events?
• Does mood data support reflection?
In this design study, an early prototype of the MoodMap App (which we will just
call Mood App) was used, which only included a capturing interface (Mood Map)
and one visualization (Mood Bars)—see Figures 4.17, 4.18 and 4.19. Additionally,
other applications participated in the study, but we will concentrate on the parts
of the study that only involve the MoodMap App. This study was performed
in collaboration with the Norwegian University of Science and Technology
(NTNU), in the context of the EU project MIRROR. For further details about this
design study, we refer to its publication in [Mora et al., 2011].
4.4.1. Procedure
In this design study, we developed several applications that allow the capturing
and visualization of users’ moods. The Mood App consisted of a web application
that tried to leverage the curiosity of the employee to motivate the data collection.
The individual user was rewarded with information of his or her mood in
comparison to others. Other applications involved in the study used a slightly
different approach and focused more on the hedonistic value of their application
and the capturing of additional data. Therefore, multiple visualizations and a
mobile application that combined moods with pictures and additional notes
were also used.
All the applications were integrated and evaluated in a project meeting of the EU
MIRROR Project, which took place in Karlsruhe, from May 10 to May 12, 2011.
This project meeting provided a unique test environment because all participants
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shared a common work context and were in a real work situation without
focusing on this experiment, but on the work that they had to do. Therefore, the
time constraints and cognitive efforts to use the mood capturing tools matched a
user at work. Moreover, this meeting was a well documented event and therefore
offered rich available reference data.
Figure 4.17.: Interfaces used for mood capturing, processing and visualization. Prototypes
that served for the development of the MoodMap App (Mood Map and
Mood Bars) are marked with an asterisk (*).
At the beginning of the project meeting, the experiment was shortly presented
and additional mobile devices were given to volunteers. During the meeting,
participants could state their mood with the different tools and see the changes of
the average through the different visualizations. Figure 4.17 shows the schematic
representation of the architecture, with the four different mood visualizations,
as well as the two input interfaces described in the following sections.
All entered mood data and the means of capturing (used tool) were stored for
later analysis. Additional data that was captured using the mobile devices was
stored as well. The meeting agenda, the meeting protocol and additional notes
served as a reference to analyze the captured data. Some sessions had more
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intense discussions that should be visible in the data. Additionally, participants
were asked during breaks for feedback on their experience with the system.
All the mood entries provided by the Mood App and the TimeLine App (one
of the involved apps from partners) were stored in a cloud-based architecture
which calculated the average mood of the latest 10 mood entries (captured by
any user). The system also provided interfaces for fetching the current mood
average. This functionality was exploited to provide multiple visualizations of
that data.
Capturing moods
The Mood App allowed users to introduce their moods in a two-dimensional
map (see Figure 4.18 to the left) and afterwards directly compare them with the
average mood of the other users (see Section 4.4.1 and Figure 4.19).
Figure 4.18.: Two-dimensional Mood Map to introduce the user’s mood (left). Table show-
ing the mapping from a quadrant in the Mood Map to the representation as
a smiley in the Timeline App (right).
It was developed as a web-based application and may therefore be used from any
browser. The current average is calculated with the last ten entered moods due
to the anonymous entered data. It must be noticed that this was a preliminary
version of the MoodMap App with no user management and therefore this
calculation is different to the average mood described in the Equation 4.1. With
this mood feedback and the possibility to compare the own mood with the rest
of users, it was intended to motivate users to capture data. Here, users were not
just giving input for the system, but receiving a personalized response and being
able to derive a benefit for themselves. This benefit of comparing themselves
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with the other users could lead to regularly introducing their mood and therefore
capturing more data about themselves.
The mobile Timeline Application running on Android devices adopted the
same mood model. Due to the limited dimensions of the display, it might be
difficult and confusing to show the mood in the time line through a mood map
or through the corresponding color of the mood. We therefore decided to use
emoticons. The mood map is divided into four quadrants, representing four
different mood statuses and mapping those to four different emoticons that the
user could choose from in the Timeline Application to set the mood (see table in
Figure 4.18 to the right).
Visualizing moods
To explore different ways of visualizing moods, we developed four prototypes
of media for visualization:
• Local: Mood Bars
• Ambient: Nabaztag (ambient device in the form of a rabbit)
• Ambient: Public display with graphical widgets
• Social: Twitter
Each of these visualizations (Figure 4.19) fitted best a determined context. The
local Mood Bars visualization allowed seeing the average in the same applica-
tion display and the ambient device Nabaztag could provide non-disruptive
information during a meeting, whereas a public display was the best media to
provide information in a corridor or in a public hall. Figure 4.19 shows the three
visualization prototypes used in this study.
The Mood Bars’ web interface showed the visualization of the compared moods
through two colored bars: the first bar for valence and the second bar for arousal.
The vertical bars represented the range of values, numerically comprised be-
tween 0 (bottom) and 1 (top). The blue arrows showed the values introduced by
the user, whereas the black arrows showed the average mood. A “Back to Mood
Map” button placed at the bottom of the site allowed the user to go back to
the mood map (initial state of the application) and introduce new mood values
when desired (see Figure 4.19 to the left).
Large public displays are useful to show information such as charts and images
that can be seen from a distance. The prototype used in this study showed the
average mood on a mood map and the valence and arousal component via
graphical gauge widgets (see Figure 4.19 to the right). Data were updated every
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Figure 4.19.: Ambient display and ambient device Nabaztag (right); Mood Bars visualiza-
tion in the web application (left)
4.4.2. Results
Attendees extensively used the apps throughout the 3-days meeting. They en-
tered their moods using two available interfaces and they showed a general
interest in the evolution of the average mood in relation to the events taking
place at the moment.
9 https://twitter.com/
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15 seconds. This visualization allowed several people to meet in front of it in a
shared space and might trigger collaborative reflection.
The average mood was also tweeted on the microblogging service Twitter9
every 15 minutes. Our first prototype only showed valence and arousal values
by float numbers ranging between 0 (minimum) and 1 (maximum). A (non-
human) twitter user was created and it is possible for other twitter users to leave
comments on average mood statuses.
4.4. Design Study I: European Project Meeting
Acceptance of the Applications
The integration of the aforementioned prototypes achieved a good reliability.
Hundreds of moods were shared during the meetings, and low usage peaks were
recorded during heated discussions, as users were engaged in the discussion.
The ambient visualizations provoked both technical and ethical discussions.
Most of the speakers who shared the stage checked, at least once, the outcome
of their talks against the rabbit, in order to assess whether the audience were
actually paying attention to the speech or were bored/tired. While during the
meeting sessions the mood map web-interface was the most used, during breaks
and informal meetings the smartphone-based interface was the most utilized.
Data gathered
During the three days, more than 1,100 mood entries were captured. The meeting
was observed to shed light on the relation between captured mood data and
work context. Figure 4.20 shows the average arousal and valence during the first
day of the meeting.
Figure 4.20.: Average mood (valence and arousal) during the first day of the meeting
The arousal line in Figure 4.20 shows how the arousal goes down towards the
lunch break and the end of the meeting. At these points, participants entered
their mood to achieve a desired reaction of the presenter or the moderation; e.g.,
having a break, ending a discussion or closing the day. Later, they pointed at
the projected mood or complained over the delay of the displayed mood. By
analyzing the meeting protocol, other trends could be identified too:
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• The valence decreased if the discussion was not evolving satisfactory.
• When the meeting was reaching the end of the last session the valence
level decreased till reaching very low values (“sad/unpleasant”).
Participants actively referred to the displayed average mood several times dur-
ing the second day. Presenters started their presentations with sentences like “I
hope I can keep this arousal level” or ended a presentation with sentences like
“Look at the Nabazmood, low arousal, we should have a break!” While these
statements always had a mocking tone, the result was the desired break.
The log data shows that during the meeting the online web application was
preferred. The mobile MoodTimeline was used mainly during breaks and during
a lab visit in the afternoon. During the lab visit, additionally pictures were taken
using the mobile application. On the second day, some unexpected behavior was
observed. Single participants tried to manipulate the mood values by spamming
the system with mood statements. They later explained that they wanted to
see the Nabazmood to move its ears into a certain position. This spamming
was possible because the average value was computed from the last ten values
without considering which user had entered them. By adding user management
and considering the last mood of each user, this spamming could be avoided in
the future.
Feedback from Users
Informal feedback was collected by short interviews during breaks and by ana-
lyzing posted messages in the MoodTimeline. The results concerned the idea
to capture moods, the design of the apps, and the relation between aggregated
mood values and the meeting. Statements on the mood capturing and deployed
applications were in general very positive; the visualization using the Nabaz-
mood rabbit was especially appreciated, since most discussions evolved around
the two ambient visualizations. When asked about the different user interfaces,
participants highlighted the suitability of the different interfaces according to
their mobility. They pointed out that a mobile application like the MoodTimeline
was much more helpful and more used when they were mobile and that a web-
based application like the Mood App was more suitable when attending the
different presentations at the meeting room. Participants could see relations be-
tween the aggregated mood data and the work process, in this case the meeting.
For instance, two participants sent the following two messages:
P1: “Does the discussion of the project reports affect the mood of the group?”
P2: “For sure it did!”
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• When a heated discussion took place the average arousal increased.
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One participant even considered introducing an automatic alarm:
P3: “There should be an automatic break alarm when energy gets below a specific level.”
Other participants tried to interpret the data:
P4: “Low arousal in the group now. Do people need lunch? Good valence though :-)”
Furthermore, participants discussed the displayed mood with each other and
drew conclusions on the relation between current topics and reaction of the
group. The MoodTimeline served as a source of tracking reference data too;
i.e., information about what is happening and that can be directly connected
to the available moods to offer richer context information. In this direction,
users introduced comments like “Storyboards, finding the relationships with the user
studies” or “Clustering cards with suggested reflection activities.”
The integration of two different abstractions for the mood input, the mood map
and the emoticons, was evaluated positively. The users could understand it
intuitively and appreciated the integration of different interfaces that allowed a
richer collaborative collecting of moods.
4.4.3. Discussion
The high amount of mood entries and the positive feedback of users indicated
a high user acceptance. Users were willing to capture and share their moods.
While we expected the playful user interface or the curiosity of the users to
be most important, the possible influence on the meeting turned out to be
the biggest motivator for them. The relation between the average mood and
the meeting was visible from the captured mood data and was confirmed by
participant’s feedback. However, our implementation of the mood average had
several flaws that were exploited during the test and that will be addressed in
future prototypes further in this thesis.
The applications created awareness of the average mood during the meeting;
however, due to the user-centered nature of our mood tracking interfaces, aware-
ness was only made of moods of active users while we did not have any in-
formation from users who did not send moods. We conclude that the system,
besides keeping mood entries anonymous, should highlight the level of involve-
ment of users in building awareness and the distribution of moods-entries over
the crowd; this can be considered as an index of plausibility of the awareness.
The complete involvement of the crowd could only be achieved by relying on
approaches like sensor-based systems where users have a passive role and data
from all of them is being gathered automatically. However, the freedom to decide
which data should be tracked would be limited.
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Providing different levels of abstraction in the input mechanism (mood map
and emoticons), despite allowing tracking interfaces to be context-aware, adds
bias during the aggregation phase. Fine-grained moods as those provided on a
two-dimensional space by the Mood App were aggregated with low-grained
and discrete moods represented by emoticons on the Timeline app. The trade-
off between system accuracy and freedom, allowing the users to choose the
interface that best fits an ongoing context, should be decided according to the
usage scenario.
Other than when speakers actively reminded the crowd to share moods, users
were not asked to submit moods on a regular basis. Observations showed that
people engaged in heated discussion tend to not send mood entries, leaving the
aggregated mood to be influenced by users who are not part of the discussion.
Observations showed that some users manipulated the system by spamming
mood entries. Interviewed users admitted to behaving in that manner in order
to play with the Nabazmood rabbit. A future implementation should only
consider the last mood statement of each individual user. This would require
user management techniques. According to their behavior, two groups of users
were identified:
• Users who referred to the system and discussed the average mood with
others, thus supporting a collaborative reflection process.
• Users who were interested in influencing meetings by “voting” with their
mood entries, in order to support coordination of collaborative work.
While both groups contributed to provide mood awareness, this led to the
question, whether the captured mood really reflected the average mood of the
group or was it considerably influenced by this “voting”. Nonetheless, this does
not impede the data from being used for reflection. Additionally, the mentioned
user management would contribute to mitigate this bias. Given the amount of
data and the relation between meeting and average mood, it could be used for
later reflection. However, the evaluation was limited to three days in a prepared
environment that visualized the average mood in different forms and further
reflection sections on the data were not organized.
We presented a design study on mood awareness in collaborative environments
attending to the design dimensions necessary to provide mood awareness and
the influence of this awareness on the participants. We have seen that mood
tracking provides an alternative channel for participants in a meeting to anony-
mously communicate their opinion and mood. Our results show that there is a
strong relation between the context or activity taking place and the mood of the
participants. Besides, we have presented several cases where mood awareness
had an influence on the participants’ behavior.
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The approach used in this first study aimed at minimizing the barriers for poten-
tial users. As a result, the developed system does not have a user management
technique. A future solution should offer user management to prevent mood
spamming. New users could use the system for a number of requests without
registration to keep the barriers low. If the user likes the system and wants to
send more mood requests, the user would have to register.
This first design study was also used to awaken the interest of potential organiza-
tions and to start discussions on how mood affects work performance. With this,
a basis for subsequent studies was set. The prototypes Mood App and Mood
Bars were refined and included in the first prototype of the MoodMap App (see
Section 4.2).
4.5. Formative Evaluation I:
British Telecommunications Company
A first field study with the first prototype of the MoodMap App took place in a
large British telecommunications company. This study was conducted in 2012.
The results of this study contributed to the development of the second prototype
of the MoodMap App as well as to the understanding of the support of reflective
learning in the context of a big telecommunications company. For further details
about this formative evaluation, the reader can refer to its publication [Fessl
et al., 2011].
The MoodMap App was motivated by the need of addressing emotional aspects
in reflective learning at work. In the evaluation scenario reported in this section,
the MoodMap App was deployed within a spatially distributed team at the
Learning Solutions Department of British Telecom (BT). The app was used in
four consecutive virtual team meetings, which took place once a week during
the period. In these meetings, team members inform about their current tasks
and synchronize their work. The MoodMap App was used to capture the mood
development during the meeting on an individual as well as on a team level.
The purpose of this evaluation was to undertake a first formative evaluation with
the MoodMap App in a work context at BT, concretely in virtual team meetings.
In such a setting, the integration in the users’ established working practices as
well as a high need for privacy and anonymization of the data become important
requirements. Besides, it is necessary to investigate users’ attitudes towards
mood tracking and sharing, since participants may be differently motivated
and interested. Additionally, there must be a clearly perceived benefit for users
to continue using a mood tracking application at work. Thus, we proposed
combining individual aspects of mood self-awareness with collaborative aspects
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of mood sharing and awareness of others’ mood. Through this combination,
not only new possibilities for mood assessment were offered, but users may
create new perspectives about shared experiences too, as a basic prerequisite to
promote reflective learning.
4.5.1. Procedure
The MoodMap App was evaluated in four meetings (which were scheduled
every Monday) starting on February 13, 2012 and ending on March 12, 2012
(notice that no meeting took place on March 5). No installation was needed
and the app was accessed through the Internet browsers that participants had
already available in their work environments.
We designed the user study to answer the following research questions:
• RQ1: Are participants interested in tracking their own mood and that of others?
• RQ2: Do participants appreciate the usability and features of the MoodMap App
as it is implemented?
• RQ3: What benefits do participants perceive from the use of MoodMap App?
The first two questions stem from the realization that, in such a team setting, not
all participants will be similarly interested in mood tracking and motivated to
use the MoodMap App. With the last question we want to verify our hypotheses
that mood tracking and sharing (i) raises mood self-awareness and thus facilitate
reflective learning from work experiences and (ii) raise awareness of others’
mood and thus improve their team communication.
Before the evaluation period, the MoodMap App was briefly introduced to the
participants, showing them the different features and explaining the general
purpose of the app. In each of the meetings, the app was mapped to the following
scenario: (1) Enter the MoodMap App and log in, (2) select the corresponding
meeting, (3) add a mood at the beginning, during and in the end of the meeting,
(4) add notes, and (5) have a look at the different views within the MoodMap
App (individual and collaborative views). After each of the four meetings, the
participants were invited to have a look at the past meeting again, think about
their mood development during the meeting and fill in a short questionnaire.
When the last meeting had taken place, the participants were asked to answer
a final questionnaire. Some of the participants also agreed to be interviewed a
week after the last meeting.
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Participants
The team participating in the evaluation was composed of 12 participants.
We gathered demographic data from 10 participants, who answered the pre-
questionnaire. These 10 participants consisted of 6 men and 4 women. Partic-
ipants in the evaluation were between 30 and 59 years old, with 20% of them
aged between 30 and 39, 60% between 40 and 49 and 20% between 50 and
59. The team was composed of 4 consultants, 2 developers, 2 engineers and 2
managers. Regarding their work schedule, 7 participants work full-time and 
3 part-time. On average, participants had spent 6.00 (SD = 3.20) years in their 
current position, ranging from participants with 2 years in that position and to a 
maximum of 13 years. The average number of years in a similar position  (e.g.  at 
another company) was 4.70 (SD = 4.57).
Evaluation Tools
Several tools were used to evaluate the use of the MoodMap App. We used a
short questionnaire which was distributed after each meeting. It consisted of
six questions about the atmosphere of the meeting, the participant’s role in the
meeting, the current mood and what insights they gained during the meeting.
At the end of the meeting series, the team members were asked to fill in the
final questionnaire. The final questionnaire consisted of 23 questions concerning
general interest in mood tracking and other aspects regarding the MoodMap
App. Precisely, (a) attitude towards the app, (b) how difficult it was to use it,
(c) how useful the app was and how participants actually used it, (d) perceived
benefits of using the MoodMap App, and (e) participants’ ideas/feature requests
for future versions that would increase the app’s usefulness. The majority of the
questions were based on a 5-point Likert scale of agreement and some of them
were open questions.
Finally, interviews with some participants were also conducted online. Each
interview lasted a maximum of 30 minutes. We addressed in the interviews the
main points of the long questionnaire, but adapted the different issues to more
open questions, which allowed participants to give more elaborated feedback.
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4.5.2. Results
Table 4.6 offers an overview of the data collected during the evaluation, including
short questionnaires (Sh-q), final questionnaire and interviews (Intw).
Table 4.6.: Overview of the collected data: questionnaire and interviews
N Sh-q. 1* Sh-q. 2* Sh-q. 3* Sh-q. 4* Final quest. Intw.
12 10 / 12 9 / 11 6 / 7 9 / 11 10** 6
*No. of filled in short questionnaires / no. of participants in the meeting
**4 of these participants also participated in an interview
Reaction and Usage
We analyzed the data captured by the participants directly through the usage
of the MoodMap App. All moods captured by users during the four meetings
were analyzed by meeting, in order to compare the four meetings to each other,
taking into account valence and arousal values (in a range from 0 to 1). Table 4.7
shows the overall statistics of each meeting.
Table 4.7.: Overview of virtual meetings using the MoodMap App
Meeting No. of
Users
Avg.
Mood/User
Avg.
Valence
Avg.
Arousal
Start
Time
End
Time
Meeting 1 12 21 0.65 0.61 13:32:47 14:06:02
Meeting 2 11 4 0.68 0.61 13:22:13 14:07:59
Meeting 3 7 9 0.68 0.62 13:22:34 14:02:56
Meeting 4 11 4 0.68 0.67 13:27:04 14:14:17
The number of participants of each meeting lay between 7 (meeting 3) and 12
(meeting 1) people. The average number of moods captured by the participants
during a meeting was between 21 and 4 moods per user. Especially the high
value in meeting 1 refers to the trying out of the MoodMap App. The average
team valence is very stable during all four meetings, the arousal (energy level)
increases smoothly.
Figure 4.21 shows the evolution of the average mood in each meeting.
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Figure 4.21.: The x-axes represent the time of the meeting. The y-axes represent the
average values of valence (blue dash line) and arousal (red solid line), both
normalized to values 0 and 1.
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In Meeting 1, we can see that the average values of valence and arousal change
rapidly and this may reveal excitement and nervousness among participants.
Due to the fact that it was the first meeting using the MoodMap App, we suspect
that the participants were playing with the application, which was confirmed
by a participant “... I think at some point during the meeting I just clicked around a
bit, ..., it was more trying the application on a technical level than testing it regards
to content.” In Meeting 2, the participants seem to get used to the MoodMap
App, as the values follow a more rational tendency. Most of the time valence is
high (indicating positive feelings) and arousal values are middle (indicating an
average level of energy). In Meeting 3, the graphic is showing several changes in
valence and arousal values. As this was the meeting with fewest participants,
each mood point has a higher influence on the average values, creating more
sudden changes in the average calculation. In Meeting 4, the average of valence
and arousal stayed slightly stable, being valence positive (values between 0.87
and 0.43) and arousal also quite high (values between 0.77 and 0.91). This could
be interpreted as, on the one hand, that participants are getting used to the
application and know how to express their current mood or, on the other hand,
that they have not already seen any benefit or insights for themselves, as some
of the participants stated, and just used it without any deeper interest.
Taking into consideration that the first meeting was used to become familiar
with the MoodMap App, the overall analysis shows us that in the current team
setting, valence and arousal are very stable over all meetings. Unfortunately, we
have no information about the topics discussed in the team meetings.
RQ1: Are participants interested in tracking their own mood and
that of others?
In the long questionnaires, the participants were asked about their interest in
tracking and reviewing their own mood, as well as the mood of others. The
answers show that the participants have widely diverging views on this matter.
On the one hand, the majority of the participants agreed or was neutral with
respect to their interest in capturing their own mood and the mood of their
colleagues (see Figure 4.22). Some participants stated that they really liked the
application and found it interesting and useful to capture their moods, especially
their individual mood awareness was mentioned explicitly “... it made me aware
of my mood and if there was a shift in my mood....” Some statements from the
participants confirmed that they were more interested in the mood captured by
their colleagues and to compare themselves with others; e.g., “I find it okay—it was
nice to see that you can compare your mood with others attendees in the meeting....”
On the other hand, we had statements declaring the opposite. Some participants
mentioned that they were not very interested in capturing their own mood,
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Figure 4.22.: Results on interest in one’s own mood and in colleagues’ mood
because they know how they feel: “...you know what your mood was during the
meeting and for me it was not that valuable.” For some participants, having only
their mood expressed in valence and arousal was not enough to contextualize
and understand their moods: “What other people put in there, well, it’s interesting,
but it does not say anything for me personally.”
RQ2: Do participants appreciate the usability and features of the
MoodMap App as it is implemented?
Most of our participants liked the look and feel of the MoodMap App, especially
the mood representation in a two-dimensional map of valence and arousal (see
Figure 4.23). Regarding the aspects of liking the MoodMap App or having fun
using it, the opinions were rather neutral among the participants (using the
MoodMap App is fun: 20% agree, 70% neutral, 10% disagree; like using the
MoodMap App: 10% agree, 70% neutral, 20% disagree). There was consensus
that the MoodMap App was very easy to use, no user guide was necessary,
and the interface was kept simple as stated by one participant: “I like the simple
interface.” Interestingly, this simplicity led to more critical thinking about the
meaning of such an application, which one participant expressed as: “But at the
same time, because you see at a glance that it is so simple, you could think ’What does it
do for me?’.”
Regarding potential improvements, the participants stated, for instance, that
the application should give direct feedback or make it more fun or more attrac-
tive with, e.g., flash animations. Although most of the participants found the
capturing method easy to use (easy to state my mood: 10% strongly agree, 50%
agree, 0% neutral, 30% disagree, 10% strongly disagree), it was interesting to see
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that for one participant the bi-dimensional representation of the mood was very
difficult to understand. This participant had problems in associating a mood to
the corresponding color and would prefer smileys, icons or text-based mood
expression techniques, as mentioned in the following sentence: “The current
Diagram is abstract with colors, for me it would be easier to have things like smileys or
icons to use it or textual decisions as well....”
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Figure 4.23.: Results on liking of the look & feel and liking of the bi-dimensional repre-
sentation of the MoodMap App
RQ3: What benefits do participants perceive from the use of
MoodMap App?
Regarding the perceived benefits, the evaluation of the MoodMap App shows
mixed results and different opinions. Several participants already identified
some benefits, became aware of their mood, and saw some influences on it
during the meeting. For example, one participant stated that “an interesting
subject influences your mood in a positive way” or that “a lack of activity slowly brings
the energy level down.” One participant got insights about her energy level when
capturing her mood during the meeting: “my energy level was more related to my
general energy level of today than related to the meeting. Energy influences the way I feel
positive.” The possibility of comparing the mood of oneself with the team’s mood
was emphasized and seen as benefit: “my mood was slightly different as compared
to other members of the group.” The awareness concerning the team’s mood was
especially raised; e.g., in “I think it helps to develop the emotional intelligence of the
team.” The comparison itself was seen as the most obvious benefit to the majority
of the participants. These reflections the participants already made, especially
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related to the team comparison, is a positive feedback regarding the usefulness
of the MoodMap App for reflective learning.
On the other hand, there also were participants who did not perceive any benefits.
They mainly argued that the evaluation period was too short and, especially at
the beginning of the study, there were some technical issues and some features
were missing like “it is difficult to gain insights when you can’t see a timeline across all
participants.” Still one participant admitted that he had to clearly see the benefits
of the application beforehand, in order to feel motivated using it (“Because I’m
struggling with the benefits I’m not really motivated to use the tool.”). Despite this
fact, they saw great potential for the MoodMap App and made suggestions for
improvement. They suggested using the MoodMap App over a longer period
of time, to see how the mood of the participants evolves. Further, mood trend
analysis could be used to find out why the mood is going down during a
meeting or to find out if a weekly virtual team meeting is necessary. Getting
more feedback about the evolution of their moods from meeting to meeting
would be also appreciated. Some participants stated that this information would
be very useful to reflect on the work experiences, not only from their individual
point of view, but from the perspective of the whole team too (e.g., establishing
collaborative debriefing meetings). Feedback given directly after a meeting
could provide information about one’s own mood in comparison to the team, or
striking mood changes.
4.5.3. Discussion and Outlook
The results of our study show quite diverging opinions. People’s reactions to
mood tracking and sharing in virtual meetings ranged from being very inter-
ested to not being able to deal with such an application. Some people perceived
the MoodMap App as easy to use, while some perceived its interface as too
abstract. The benefits of tracking and sharing mood were not directly recog-
nizable for all the users. This point definitely needed discussion and further
investigation—both technically by improving the MoodMap App and conceptu-
ally by establishing a more precise relationship between awareness of own and
others’ mood and work-related benefits. An added challenge in this discussion
is to distinguish between benefits gained from using the MoodMap App during
virtual meetings and benefits gained from answering the (short) questionnaires
after the virtual meeting.
Analyzing the study results from the perspective of reflective learning, we con-
clude that most of the participants agreed that the collaborative views had major
potential to trigger reflection. Unfortunately, the team did not reflect together on
the past meetings neither alone nor in a subsequent meeting, which could have
led to more benefits or insights. Reviewing the individual moods; e.g., on the
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timeline, was not seen as very useful to re-experience the meeting. Comparing
one’s own mood with the average mood of others in, e.g., the timeline as well as
comparing all collaborative moods of the four meetings on the other hand was
seen as useful.
The participants saw further potential to reflect especially on critical topics,
which might occur during a meeting when the mood changes significantly.
Similarly, the participants saw a high potential for additional context information.
For instance, integrating more information from other applications (“I think the
best way to reflect is when you receive new input from outside and this is quite simple
input...”) or a better contextualization, like replaying the recorded meeting in
comparison to the moods.
Based on these results and insights, we identified the following issues, which
needed further investigation:
• more contextualization in order to give a meaning to the data and use it
for learning purposes
• support the step from awareness to reflection
• more feedback and visualizations from the app
• explore the influence of teams and groups with the app.
Therefore, we were able to identify important needs of the users and summa-
rized them in four important design challenges, which were necessary to make
the MoodMap App a reflective learning tool. These challenges encompassed (i)
giving employees a clear benefit for themselves, (ii) providing more contextual-
ization when revisiting a day or meeting, (iii) providing reflection guidance, and
(iv) implementing more collaborative visualizations. Based on these challenges,
we made a mock-up based design workshop (see Section 4.6) on how user needs
could be converted into features for the MoodMap App and how they could be
implemented in a meaningful way.
4.6. Design Study II:
British Telecommunications Company
In order to further investigate the design challenges identified in the first forma-
tive evaluation of the MoodMap App (see Section 4.5) and implement them in
the application, we conducted a one-day workshop along with British Telecom.
The main challenge was to figure out how the MoodMap App has to be enriched
and improved, so that it could fulfill the following goals: (i) users should see
a clear benefit for themselves and the motivation for users to reflect on their
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mood development should be achieved, (ii) provide user guidance for reflection
and more feedback to support reflection, (iii) offer more contextualization of the
mood data to remind people about past meetings, and (iv) capture the learning
outcomes.
4.6.1. Procedure
Taking the results from the first formative evaluation (see Section 4.5) into ac-
count, we prepared a one-day design workshop at the same telecommunications
company. This workshop was conducted in the framework of the EU project
MIRROR, in collaboration with Know-Center Graz.
This workshop was attended by three participants (apart from the two re-
searchers conducting this study): two members of the telecommunications com-
pany (BT) and the quality manager of the project within which the MoodMap
App is developed (MIRROR Project). Additionally, for one session during the
workshop, six end users of the MoodMap App were also participating.
The workshop was divided into several sections, where different mock-ups were
created and discussed (see examples in Figure 4.24). These sections were:
• Goal session: This session was conducted to detect, on the one hand,
possible scenarios where the MoodMap App could be used in, including
different types of meetings, and in which departments of the company the
application could be used. On the other hand, we wanted to define, which
prerequisites have to be fulfilled to make the MoodMap App a successful
application to support reflective learning.
• Brain Sketching Session (part 1): With this session, we wanted the par-
ticipants to draw on paper-based MoodMap App empty mock-ups (i.e.,
mock-ups with solely the layout of the MoodMap App, but leaving free
space inside the layout which they could use), how the application could
be enhanced to overcome the current weaknesses and to improve the ap-
plication. Having drawn a sketch on a sheet of paper, it was put into the
middle of the table. Other participants could take this sheet and add his
or her ideas or comments to the already drawn sketch. At the end of this
session, the results were summarized.
• Brain Sketching Session (part 2): In this session, we presented our partic-
ipants several mock-ups, which the developers had created in advance of
the workshop (see Figure 4.24). These mock-ups and the proposed features
on them were discussed and brought up in line with the results of the
previous session. Afterwards, the results were summarized and prepared
for the next session.
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Figure 4.24.: Examples of the mock-ups used in the design workshop
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• Feedback round: We invited to this session six of the participants, who had
participated in the first evaluation of the MoodMap App, to discuss the
new features developed in the brain sketching sessions. Additionally, they
were asked to bring in their own ideas on how to improve the MoodMap
App and how learning from mood data could be achieved.
• Wrap-up session: In the last session, we summarized the whole results, pri-
oritized the features, which should be implemented in the next MoodMap
App version, and defined a rough development timeline.
After the workshop, the application developers updated the mock-ups according
to the workshop discussions and a feature implementation list was provided,
including their defined prioritization. After the agreement of all partners to these
documents, the implementation phase started.
4.6.2. Results
Condensing the results of the first evaluation and the design workshop, we
extracted the following major design components which would improve the
learning support of the MoodMap App. Following Scho¨n [1987], we can divide
these components in design elements that support “reflection-in-action” (which
occurs during an on-going activity) or “reflection-on-action” (which takes place
after the completed action).
“Reflection-in-action” Components
The “reflection-in-action” components are features that should make people
aware of some significant mood changes during the ongoing meeting, to provide
a more accurate guidance of the reflective process.
• User prompts for capturing: User prompts for capturing are used to mo-
tivate the users of the MoodMap App to capture their moods or to use
the application in general. For example, prompts in the form of textual
feedback are shown at the beginning of a meeting to suggest inserting
his or her mood, or if the user has not switched from one visualization to
another for a while, they are invited to have a look at them.
• User prompts for reflecting: User prompts for reflecting aim at making
users aware of significant mood changes, which may trigger a reflective
learning process. They are shown in relevant situations related to the
moods; e.g., the user’s mood has significantly changed from bad to good
(or vice versa) or the user’s mood deviates significantly from the team
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mood. The user prompts contain corresponding questions to make the
users reflect on their current mood change and motivate them to track
these thoughts into the MoodMap App.
“Reflection-on-action” Components
The “Reflection-on-action” components are features that should enhance the
reflection of the participants outside of the meetings by re-evaluating their mood
development. They comprise the following features:
• Contextualization: It is important to give the users an easy means of
inserting context during a meeting. This context could be a word or a
short phrase, just a hint, which represents what is currently ongoing in the
meeting. Displaying this context information when revisiting mood trends
of a past meeting on a timeline would help users remember a situation or
a significant discussion during the meeting.
• Mood Reports: At the end of a meeting a report about it is created, which
aims at providing a better user guidance for reflection and more feedback
to support it. It contains general information about the meeting; e.g., num-
ber of participants or meeting name. The average team mood development
of the whole team during the meeting is also visualized on a timeline
including the context, which was inserted by the user. Most important are
what we have dubbed “Reflection News”, which refer to significant mood
changes that have occurred during the meeting, and pose related questions
to the meeting situation. After viewing the report, the users are asked to
insert the gained insights into the reflection journal. Additionally, if the
user configures it, they will receive, at the end of a meeting, an email with
some information regarding this report. This email includes an invitation
to visit the complete report in the MoodMap App and therefore supporting
the user to take some time to reflect.
• Reflection Journal: The reflection journal stores all insights, thoughts or
learning outcomes of the MoodMap App user. Using this journal conse-
quently; e.g., after all meetings, could lead to an important collection of
reflection outcomes and might also trigger reflective learning; e.g., when
going through the entries again to detect either changes of own behavior
over time or detect significant patterns concerning a meeting.
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4.6.3. Discussion
After this design workshop, the implementation of the second prototype of the
MoodMap App started, incorporating all the elements described above. This
prototype is described in detail in Section 4.2.3.
Taking into account the lessons learned in the first evaluation and the design
workshop, the following issues should be addressed in subsequent studies:
• Did the new guidance offered by the app increase the benefits of tracking
mood data?
• Did the new contextualization and visualizations improve the recalling of
past experiences?
• What is the impact of tracking emotions following a self-reported approach
for reflective learning at work?
• Did the general learners motivation to use the MoodMap App increase?
4.7. Formative Evaluation II:
British Telecommunications Company
The use of the MoodMap App was initially suggested by the some of the partici-
pants, who noticed that the communication in their virtual meetings was not
optimal. After the user study carried on with the first prototype of the MoodMap
App, many other members of the team identified the potential that the app has
to improve their work, especially if they use it for a longer period of time. This
user study was done with BT Learning Solutions, which originally consisted of 9
members and all participated in the first formative evaluation of the MoodMap
App (see Section 4.5). Additionally, their manager expressed his interest in hav-
ing more information about what is happening in the team and how they are
personally feeling.
The second prototype of the MoodMap App was used in monthly virtual team
meetings to enhance the non-verbal communication within the locally spread
teams. In this setting, the MoodMap App should give the individual the pos-
sibility to reflect on his or her own mood during the meeting. With the help
of some guidance offered by the app, the participant should be activated to
re-evaluate his or her mood or mood changes and to learn from this critical
reflective thinking about the meeting topic or his or her own behavior during
the meeting. Additionally, it should give participants (and/or the team leader)
the possibility to think about the team’s mood, if there might be some problems
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or if everything runs smoothly within the team. According to these results and
the insights gained after reflecting on them, possible actions could be taken.
After redesigning and reimplementing the MoodMap App according to the
results obtained in the first study, it was expected that the users recognize a clear
benefit for themselves and for their own work as well as for their team. With the
implementation of the new features in the second prototype (see Sections 4.5
and 4.2.2 for details), we expected that the users are triggered to reflect on
relevant situations from their daily work (e.g., a virtual meeting) and capture
their learning outcomes.
4.7.1. Procedure
During the evaluation period, from May 24, 2013 until August 24, 2013, team
members used the MoodMap App in their weekly and monthly calls. There
were 6 meetings planned for the evaluation. Unfortunately, 3 of these meetings
were canceled and the MoodMap App was used only in the first 3 meetings. For
this reason, we concentrated on identifying barriers for adoption and reasons
for the low usage. No outcomes regarding learning or behavior change could be
assessed.
Participants
Participants were part of the BT Flexible Working Services (FWS) department
and were based mainly in the UK and the Netherlands. They were responsible
for product support; working in contact with several products at BT. This team
had already been working together for a long time, but depended on virtual
meetings for communication and coordination of their work (see Section 4.1.1
for details about participants’ profiles).
The team participating in the evaluation was composed of 12 members. We gath-
ered demographic data from 10 participants, who answered the pre-questionnaire. 
The team was formed by product/business managers (40%), directors (20%), 
administrators/helpdesk (20%) and consultants (20%). These 10 participants 
consisted of 5 men and 5 women. Participants in the evaluation were between 40 
and 59 years old, with 60% of them aged between 40 and 49, and 40% between 
50 and 59. Regarding their work schedule, 8 participants work full-time and 2 
part-time. The participants had spent on average 6.90 (SD = 4.15) years in their 
current position, ranging from participants with 1 year in that position and to a 
maximum of 15 years. The average number of years in a similar position was 
7.00 (SD = 5.32) and the average years that the participants were in this team
was 7.88 (4.52).
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4.7.2. Results
Table 4.8 gives an overview of the data gathered through questionnaires and
interviews for all participants during the whole evaluation.
Table 4.8.: Overview of the types of gathered data from participants during the evaluation
Data available No. participants
Complete data* 9
Pre- and post-questionnaires 1
Post-questionnaire and interview 1
Only post-questionnaire 1
Total participants 12
*Complete data means: pre-questionnaire, post-questionnaire and interview
The post-questionnaire was answered by all the participants (N = 12). The ques-
tionnaire focused on identifying which were the concrete barriers for adoption 
and which were the main reasons for the low usage of the app. Table 4.9 shows 
the average scores of participants to the various investigated barriers. Results 
showed that many issues may be the cause for ceasing usage of the app, but 
no single one of them was outstanding, as most of the average answers were 
in the range 2.50–3.50. In a 5-point Likert scale, these results are too neutral to 
allow taking clear conclusions about it. Therefore, we decided to conduct the 
subsequent interviews in order to gain more insights about the evaluation.
With the aim of weighing potential barriers for the users, we asked participants to
select which of the following reasons were decisive to stop using the MoodMap
App in their personal case (see Table 4.10). Participants could select a maximum
of 5 reasons. Results showed that, besides distraction with the app and not
wanting to share their emotions, the lack of benefits and expectations were the
most mentioned reasons.
Based on the results from the post-questionnaire, there was the need to look
deeper into their answers and try to derive new insights for the future. There-
fore, we conducted interviews with 10 of the participants. In the interviews,
we addressed several topics including meaningful situations to use the applica-
tion, feedback on the usage of the MoodMap App, insights about the decision
to stop using the MoodMap App, and which benefits they would expect. In
the following, we summarize the most relevant topics and the answers of the
participants.
103
4. Use Case I: Emotions in the Telecommunications and IT Sector
Table 4.9.: Barriers for usage and adoption: Results from the questions included in the
post-questionnaire (answered on a 5-point Likert scale)
Question Answer
I did not have time to use the MoodMap App during M = 2.50 (SD = 0.90) 
the meetings.
I did not have time to use the MoodMap App out of the meetings. M = 3.33 (SD = 1.15)
I did not see an advantage in using the MoodMap App. M = 3.25 (SD = 1.29)
I was not motivated to use the MoodMap App.
I could find out how the MoodMap App worked by myself.
I am satisfied with the MoodMap App.
M  = 3.58 (SD  = 0.90) 
M = 3.42 (SD = 0.79) 
M  = 2.92 (SD = 0.79)
I think that the MoodMap App is useful for professional work. M = 2.58 (SD = 1.31)
I think that the MoodMap App can be used to complement
professional work.
M = 2.92 (SD = 1.00)
I often reflect on the way we work in our organization.
I do not think it is beneficial for me to reflect on my work.
I do not think it is beneficial for me to reflect on my feelings
during work.
M  = 3.25 (SD  = 0.97) 
M = 2.17 (SD = 0.83) 
M  = 2.58 (SD = 0.90)
To the question “How does your mood influence your work?”, the indicated number
of participants mentioned the following aspects: motivation and enthusiasm (3x),
work results or performance (3x), ability to get distracted (2x), way of dealing
with other people (2x), and no influence at all (3x).
Only for 60% of the participants the mood of their colleagues was important and
meaningful. This result differs from other conducted evaluations, where interest
on others’ moods was usually mentioned as motivation to use the MoodMap
App. 80% of the participants admitted that the app was easy to use and had
no problems with it. One participant mentioned that the app did not work for
him or her, whereas another one had problems remembering his or her login
details.
We asked them again about the main reasons to stop using the application,
besides the fact that so many meetings were canceled. Participants argued that
the app was not useful in their context—small conservative team and with few
meetings—(3x), that they did not see any additional benefit from the usage
(3x), and that they did not get into the habit of using it (2x). However, some
participants also recognized some benefits: help to detect problems in the team
(2x), awareness sparking reflection (1x), get feedback from silent people (1x),
and finally comparing personal with others’ mood (2x).
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Table 4.10.: Reasons for no usage: Number of votes of each reason included in the post-
questionnaire
Reason No. votes
I would prefer to use the app with people I don’t know that well. 0
I do not think that reflecting on our work can be supported by the app. 0
I prefer to keep my emotions and my work separated. 1
I did not understand how to use the app. 1
I did not think that our team work would be improved by using the app. 1
I did not like the look & feel of the app. 2
It takes too long to get interesting feedback from the app. 2
I did not want the researchers to use data on my emotions. 3
The cognitive load to use the app was too high during the meetings. 3
Other team members didn’t use it, either. 3
I did not want to share my emotions, even if it was anonymously. 4
I was more distracted because of the app. 4
There was not need to improve the meetings. 4
I do not see a concrete goal that drives the use of the app. 4
I know my colleagues very well and don’t need an app to see their emotions. 5
I did not think that our meetings would be improved by using the app. 5
I did not see any benefit in using app. 6
Final remarks from the interviewees revealed further insights about the evalua-
tion and their experience:
“If we would do it again, I would really try to start with a half-day workshop to agree
objectives with the team. It has to be clearer from the start [...]. It was a one-way
communication and we underestimated it; we need to engage them more, set our ob-
jectives, clarify how to get to them with the app and then start using it, if there is a
commitment ”
“I think that when you have problems in a team you can detect it, and find out what the
problem is. We do not have that many problems in our team.”
And also some critical opinions, which nonetheless suggested further possibili-
ties for the future:
“So these would be the things I would need to make it more useful: it needs to be simpler
to access, it needs to be less intrusive (e.g., by including it in our software) and it needs
to make sure that the data is compatible and, in the end, it needs to provide some form of
value, some form of output or insight that I wouldn’t get without using it.”
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“Personally I cannot see the need to use that sort of app. I could see the benefit maybe in
other environments like call centers perhaps, where you can measure the mood in a room
as a whole, the mood of the center population having the mood across 100 people.”
4.7.3. Discussion
The majority of the participants mentioned that the small size of the group, the
lack of motivation, and the many canceled meetings led to the ceasing of the
app usage. The few who had the motivation to use it unfortunately lost it due
to the colleagues not using the app, as well as the difficulties to identify clear
benefits.
We know from previous research that benefits are difficult to see in such a short
period [Mu¨ller et al., 2011c]. Although we tried to balance this with short-term
benefits, the approach in this team was not successful. In this evaluation, we
struggled with the fact that users wanted clear benefits and needed achievable
objectives. These objectives cannot be defined by us, as researchers, and it was
a challenge to show to participants how reflection can lead to improvements
at work, although these improvements are usually unknown at the beginning.
These results suggested that closer work with managers and other people from
the organization was necessary to define clear goals for their employees, as well
as to introduce users to reflective practices from the concrete perspective of their
work setting.
With this evaluation, the results did not inform the development of the applica-
tion and its support for learning, but it served to gain further insights on barriers
that exist for reflective learning and dealing with emotions, especially from a
business and work perspective.
4.8. Formative Evaluation III:
British Telecommunications Call Centers
We attended a two-day workshop where the planned usage and evaluation of
the MoodMap App was welcomed by the visited BT call center staff members,
including managers and call takers. Following, a formative evaluation was
conducted to derive changes and improvements necessary in the MoodMap
App in order to be used at the call center.
This study aimed at eliciting required changes for the MoodMap App to obtain
acceptance by call takers and management and to embed it into their existing
work processes.
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4.8.1. Procedure
A formative evaluation of the MoodMap App was planned within two teams
of the visited call center with a total of 22 participants. The goal of this study
was to introduce the app in the identified use cases, investigate the potential
of the gathered mood data, and evaluate if the app needs changes to improve
reflective learning support. The evaluation was conducted between June 13,
2013 and August 16, 2013.
Managers introduced the app to their teams and organized weekly meetings to
discuss usage and potential of the app. Furthermore, they committed to using
the collected information as a basis for their work. The concrete procedure of
the evaluation was as follows:
• June 13–18: there were several meetings with the second and first level
management to arrange the evaluation and do minor technical adaptations.
• June 19–20: the MoodMap App was presented in a workshop to the partic-
ipants of the evaluation. Their managers did the presentation.
• July 21–31: period of app usage. Several meetings with management were
conducted to follow the evaluation.
• August 1–7: call takers answered the distributed questionnaire.
• August 8–16: the results of the questionnaire were analyzed and finally
presented to the managers involved in the evaluation.
Participants
The study was conducted with two teams, comprised of 2 managers, 10 coaches 
and 10 call takers. We obtained demographic data from 17 participants (1 man-
ager, 9 coaches and 7 call takers). These 17 participants consisted of 13 men and 
4 women. Participants in the evaluation were between 20 and 59 years old, with 
53% of them aged between 20 and 29, 29% between 30 and 39, 12% between 40 
and 49, and 6% between 50 and 59. The participants had on average 2.82 (SD 
= 2.55) years in their current position, ranging from participants with less than 
one year in that position and to a maximum of 10 years. The average number of 
years in their current team was 2.14 (SD = 1.60).
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Evaluation Tools
At the beginning of the study, a pre-questionnaire was used to obtain demo-
graphic data of the participants at the beginning of the study. After using the
application, a post-questionnaire was distributed to collect quantitative data of
all team members. At the end of the study, interviews with some participants
were conducted. During the whole evaluation period, weekly meetings were
conducted with the manager of the call center in order to follow the progress.
4.8.2. Results
Post-questionnaires
We asked the 10 call takers why they had been using the MoodMap App. Out of
these call takers, 7 used the application because they were asked to. However,
they also made comments on their reasons to use it; e.g., “it was simple and
easy to use; I could easily fill it in between calls” and “I did try using the mood
map. Even though it did not take very long to use it, it was difficult to remember
to use it on a daily basis. It was a good idea but it’s just way too busy here to
remember anything extra, along with the 4 different things we need to do after
every call.”
When asking about their motivations to use the MoodMap App, the answers of
the participants could be divided in three categories:
(a) Related to the app and mood tracking
• “It is interesting to see how your mood changes throughout the day and how
it compares to other people’s”
• “To give feedback on what affects my mood”
• “Interested in the results”
• “If we had [...] a reminder to use the app I would have used it much more”
(b) Related to the work practice
• “If we had the time [...] I would have used it much more”
• “To give feedback at certain situations which happen throughout the
day”
• “If the data collected was looked at and used to get things improved to raise
moods to feel one is being productive or cared about”
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• “Discussing the information I have entered in the app during coaching
sessions”
(c) Related to the job itself (and manager)
• “Being told I must use it”
• “I was told I had to, as part of my job”
• “Manager requesting us to use it”
Among the things that participants liked about the MoodMap App, they men-
tioned it was easy to use (4x) and liked how the app collated all the information
(1x), it allowed comparing moods with others (2x), and it helped to vent prob-
lems (1x) and see patterns (1x). On the contrary, they did not like that there was
hardly any time to use the app (1x), that no structure was given when to enter
moods (1x), felt like a burden (1x), other things are more pressing (1x), and the
colors were hard to state the mood (1x).
Finally, the meetings with the management revealed that knowing the feelings
of their teams could help managers to identify problems and directly help the
appropriate person. Therefore, we asked call takers their opinion about this
issue. 70% of the participants stated that they had no problems with sharing
their non-anonymized moods and mentioned that “I feel that it is important for
my manager to know how his or her team mates are feeling” or “So they understand
what affect our moods.” 20% of the participants preferred not to share their moods,
but they did not specify the reasons for it. Finally, 10% was unsure about this,
stating that “I’m not really sure where I stand on this. In theory, there would be no
problem with that, but in reality that’s not really how things work.”
Summarizing the results, the participants saw potential in using the MoodMap
App, as illustrated by the words of one call taker: “The whole thing was a good
idea. It seems morale is pretty poor in this place at the moment, so something like this
is a good step towards actually caring about the staff here and getting to the bottom of
when or why people feel bad.”
They did not mention any major problems with the app itself and they did not
have technical problems. However, there were several barriers which did not
allow continuing the usage of the MoodMap App: there was not much time
to use the app, and time pressure during and between calls and a clear benefit
for their work was still a challenge. Regarding sharing their data, most of the
participants had no problems with it and even mentioned some benefits that
would derive from this change.
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Management Meetings
The results of the post-questionnaires were discussed with the managers in order
to define which the requirements to fulfill are, as well as the changes that needed
to be done in the application. The key results of this formative study, both at
design and process level, were the following:
• Being a standalone system was seen as a barrier, so the app should be
integrated in their call center systems.
• Call takers did not see a clear benefit if the data gathered is not used
in work processes. Some comments of the participants stated how this
could be achieved: “If data collected was looked at and used to get things
improved to raise moods to feel one is being productive or cared about”
or “discussing the information I have entered in the app during coaching
sessions.”
• Visualizing not anonymized data to managers and coaches would offer a
big benefit as they could better identify the upcoming issues and moods
of their team members. Call takers did not have concerns with sharing not
anonymized data with managers and coaches.
• The integration of automatic management of teams and shifts in the app
would reduce the current usage efforts.
• The app would benefit from a clearer connection between the mood data
and the tasks of their work processes.
According to the results, the MoodMap App was further designed and devel-
oped. The following changes which lead to the third prototype of the MoodMap
App (see Section 4.2.4) were made:
1. A better process integration was implemented by making the connection
between mood entries and work processes mandatory. Mood entries must
be contextualized (mood context and personal notes), in order to support
re-construction of work experiences surrounding the referenced mood.
After capturing a mood, a dialog box showed four single choice options
to contextualize the mood entry. The list of available mood contexts was
adapted to the call center setting and included after a call, after a coaching
session, after a break and other. Immediately after the contextualization, a
personal note had to be entered. In the case of calls, a specific field for
the call reference was available in order to provide a direct link to each
processed call.
2. To achieve an easier data capturing, a direct link to the MoodMap App
was placed into the user interface of the call center software. Furthermore,
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team management was implemented and users could automatically enter
a session with their team members and managers to share data upon login.
As a result, no team sessions had to be manually created and the required
number of clicks to start capturing mood was reduced from 3 to 1.
3. In order to make data analysis easier for managers and coaches, three new
visualizations based on non-anonymized data were added:
• Smileys View: Managers and coaches are shown the current average
mood of every team member (including themselves). If the manager
clicks on a smiley, a daily timeline of the team member’s mood in-
cluding context and notes appears.
• Daily Team View: Managers also see aggregated information on a
daily timeline per team. This visualization shows each single mood
point captured by the whole team and the average team mood devel-
opment, depicted in two timelines on a daily basis (one timeline for
valence and one for arousal).
• Weekly Team View: Managers also see aggregated information on
a weekly timeline. This third visualization shows the mood devel-
opment of all single team members’ according to their valence and
arousal values. The interactive timeline allows selecting and compar-
ing the average mood development of the team to each single user,
or between selected users.
These changes were backed by adapting managerial work processes. Managers
and coaches committed to using these visualizations in their routine supervisory
work processes and to acting on captured mood data. Coaches also committed
to using them in their coaching sessions, where data from the call center was
already used as basis of the meetings with the call takers.
4.8.3. Discussion
The results of this formative evaluation, especially the changes related to pro-
cess integration and anonymization of the data, will be analyzed in detail in
future studies, in order to evaluate if their impact brings the desired outcomes.
Managers and call takers demanded together to remove anonymization of data
to simplify analysis and remove barriers on communication. Generalizing this
attitude towards privacy should be carefully considered; call takers are used
to being monitored during their work but this cannot be generalized for other
professionals. Nevertheless, it was necessary to explicitly consider this issue and
evaluate which were the benefits of this change.
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With these changes in the MoodMap App, it was possible to conduct a sum-
mative evaluation (see Section 4.9) which not only considers acceptance and
usability issues, but also allows us to analyze the impact of the app on learning
and work performance.
4.9. Summative Evaluation I:
British Telecommunications Call Centers
The use of the MoodMap App was initially identified by the managers of the
call center, who were willing to be aware of how their advisors (call takers) feel
at work. The managers and coaches in the center were also introducing a new
model of coaching, in order to allow employees to take more decisions regarding
their learning process at work. Until that moment, the model they had followed
had been quite passive from the employees’ side. This change was a decisive
aspect that pointed towards the necessity of supporting learning by reflection.
With this, a new culture is being created in order to encourage employees to
take their own decisions and take into account how they feel and what they
need for themselves and in order to improve their work performance. Aligned
with this new learning perspective, a strategy for the introduction of the app
was established. The operational online team that started the evaluation of the
MoodMap App is a team with very high customer satisfaction scores. Therefore,
the expectation is that they are positive and energetic at work, and that it would
be easy for them to integrate the MoodMap App without interfering with their
daily work. If the introduction of the app in their daily practices is successful,
this team will contribute to scaling up the use of the MoodMap App in the center
and facilitate the participation of other teams in the evaluation.
The goal of this summative evaluation was to study the impact of mood self-
tracking on individuals as well as on work patterns in call center teams. Through
the usage of the MoodMap App we analyzed the acceptance of the tool, the
support for reflection, the impact on work performance and the effects on team
collaboration and communication. The evaluation took place in the context of
the EU project MIRROR, in collaboration with Know-Center Graz. The study
reported herein is included for publishing in other form in Rivera-Pelayo et al.
[in prep.].
4.9.1. Procedure
The MoodMap App was used by BT employees belonging to all three roles;
i.e., call takers, managers and coaches. The call takers were asked to fill in their
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individual moods after a call, after a coaching session, after a break or whenever
they thought their mood was relevant for them or had changed in a significant
way. Additionally, they were compulsory asked to insert a note to each of the
captured moods.
We asked coaches to use the inserted moods to better support the call takers
during their work and to improve and/or adapt the coaching sessions to the call
takers’ needs.
Managers could follow the mood development of each single call taker to directly
contact them if necessary. They also kept an eye on the mood development of
the whole team in order to arrange one-on-one meetings (i.e., a meeting between
a manager and a single call taker) or huddles (whole team meetings) to discuss
arising issues and improve the whole team spirit. Additionally, managers and
coaches were also asked to capture their moods and use the MoodMap App
themselves with the goal of reflecting on their own mood development and how
they were influenced by their emotions.
The summative evaluation of the MoodMap App started on November 20, 2013
and lasted until December 20, 2013. The MoodMap App was introduced by
the responsible project manager of BT to six different teams (encompassing
103 participants) and four of these teams were selected to pursue with the
evaluation.
Participants
A total of 67 employees participated in this evaluation, belonging to four distinct
teams from two different call centers, namely Team inactive 1 (from the call
center in Dundee), Team inactive 2 (Dundee), Team active 1 (Alness), Team
active 2 (from the call center in Alness). Teams active 1 and active 2, belonging
to the same call center, captured more than twice as many moods as teams
inactive 1 and inactive 2 (for further details on app usage refer to Section 4.9.2).
Consequently, the teams were labeled “active” and “inactive” respectively. This
terminology is used consistently in the remainder of this section. With this
differentiation, we also analyze the reasons and implications for the different
behavior in the teams.
The demographic questionnaires were filled by 43 participants; thus the infor-
mation of the demographic data is referring only to this 64% of the participants. 
These 43 participants consisted of 26 men and 17 women. Participants in the 
evaluation were between 20 and 59 years old, with 56% of them aged between 
20 and 29, 26% between 30 and 39, 14% between 40 and 49 and 5% between 50 
and 59. The participants had on average 3.47 (SD = 3.66) years in their current 
position, ranging from participants with less than one year in that position and
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to a maximum of 15 years. The average number of years in their current team 
was 1.76 (SD = 2.28) and the average years in a similar position were 5.21 (SD = 
4.32). Due to the fact that not all participants have filled in both questionnaires, 
Table 4.13 gives a summary of the amount of answers we received from each 
team. In the sections where it is referred to the evaluation of both 
question-naires, only the answers of those users who have filled in the pre- as 
well as the post-questionnaire will be considered (N = 26).
The adapted MoodMap App was used by managers, coaches and call takers in
the described call centers within 4 teams over 4 weeks. Participants could access
the web application at any time of the day and capture their moods through the
whole shift. When users captured a mood, they selected a predefined context
(after a call, after a break, after a coaching session or others) and entered a
note to describe the current situation. All users were asked to use the different
visualizations in order to reflect on on their and the teams moods. Managers
and coaches were obliged additionally to use the Team Views to track the mood
development of each call taker and their team as a whole.
Evaluation Tools
Within this evaluation, we aimed at assessing relevant indicators for reflective
learning and their impact for individuals and teams as well as the organization as
a whole. To achieve this, we used the summative evaluation toolbox developed
in the framework of the MIRROR Project [Knipfer et al., 2012]. This evaluation
toolbox is based on a modification of the Kirkpatrick model [Kirkpatrick and
Kirkpatrick, 2006] and defines four levels: reaction and usage, learning, behavior,
and work outcomes. A detailed description of the whole toolbox can be found
in Knipfer et al. [2012].
During this introduction phase the team members were asked to fill in a pre-
questionnaire including their consent form. Regarding the application usage, all
types of participants (call takers, coaches and managers) of the trial were asked to
insert their moods during all days during the evaluation period. They were also
asked to reflect on their inserted moods and notes individually. The coaches and
managers were additionally instructed to use the team visualizations in order to
reflect about the mood development of their teams and take actions if necessary.
At the end of the trial, they were requested to fill in a post-questionnaire.
Table 4.11 provides an overview of used evaluation tools and the data gathered
with them. Pre- and post-questionnaires measured agreement with questions
on a 5-point Likert scale (from 1 = strongly disagree to 5 = strongly agree). A
print version of the online questionnaires (pre- and post-) can be found in the
Appendix A. We used log data for descriptive statistics about app usage, and
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interviews to gain rich information about our research questions, including
anecdotal examples. It is important to note that KPIs and interviews are only
available for the active teams, as there were restrictions from one of the call
centers.
Table 4.11.: Evaluation tools used in the summative evaluation
Tool Evaluation Stage Content
pre-questionnaire start of
evaluation
consent form, demographic data, expecta-
tions regarding the app, reflection scale
post-questionnaire end of
evaluation
questions with regard to usage and user
satisfaction, general app effects, benefits
and insights, reflection scale, reflection
support of the app, learning outcomes and
behavior
interviews end of
evaluation
feedback to the overall experience, subjec-
tive feeling of the application’s acceptance
within the team, capturing mood, benefits
and insights, general comments
KPIs start, end of
and 1 month
after evaluation
Average Rating, Net Promoter Indicator,
Call Taker Satisfaction, Recap (see details
in Table 4.12)
log data end of
evaluation
interactions with the application, e.g.
clicks per visualization
app data end of
evaluation
captured moods, notes and context
The impact on work performance was measured by using the existing Key
Performance Indicators (KPIs) of one call center. Customers receive automatic
SMS messages from the call center to elicit feedback after they have spoken
to the call takers and the KPIs are calculated based on the collected feedback.
Table 4.12 lists the KPIs, their description and their rating in detail. The company
imposed restrictions on the access to KPIs. Due to the different systems used
to track and monitor KPIs, Average Rating was made available at an individual
level, while NPI, Call Taker Sat and Recap were available on a team level.
A paired-samples t-test was conducted to compare the individual KPI metrics
before the usage of the MoodMap App and after it. Concretely, the metrics were
provided at three reporting periods:
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(a) Before using the app: August 1, 2013–October 21, 2013 (81 days)
(b) Immediately after having used the app: October 21, 2013–December 19,
2013 (59 days)
(c) After having ceased using the app for a month: January 6, 2014–February
7, 2014 (32 days)
Table 4.12.: Investigated Key Performance Indicators
KPI Description Scale
Average
Rating
Average of customer satisfaction rating 0–100
Net Promoter
Indicator(NPI)
Basedoncustomeradvocacyandreflectsthe
answerstothequestion:How likely are you to
recommend our services to others based on your
recent experience with us?
-100%–
100%
Call Taker
Satisfaction
(CallTakerSat)
Indicates the customer overall satisfaction
with the call. Customers answer in a scale 1–
10andthepercentageiscalculateddepending
on how many customers score the call taker
andwhatthescoreis.
1–10
Recap Indicates whether the call takers proactively
summarized the call to the customer (objec-
tiveisloweringtheamountofrepeatcallsthey
receiveasabusiness).Questionansweredby
customersis:Did the last call taker recap what
had been agreed on?
0–100
4.9.2. Results
The results will be reported according to the four levels of Kirkpatrick and
Kirkpatrick [2006], as described above.
Reaction and Usage
The participants used the MoodMap App on 31 consecutive days. Except for 5 
days in which the app was not used at all (corresponding to days off), the app 
was used by all users for 8 hours and 42 minutes (SD = 0.09) on average per 
day. During that time, users were entering the MoodMap App repeatedly and 
using the different available features.
116
4.9. Summative Evaluation I: BT Call Centers
In total, 991 moods were captured during the whole evaluation period. On 
average, users captured 17.39 moods (SD = 24.50) during the whole evaluation 
period, with a range of 1 to 136 moods per user. Considering the moods captured 
in each team, an average of 23.72 (SD = 34.45) moods were captured per person 
in active 1 Team, 21.00 (SD = 24.52) in active 2 Team, 10.62 (SD = 11.91) in 
inactive 1 Team and 9.25 (SD = 10.95) in inactive 2 Team. These results 
show that users in teams active 1 and active 2 captured twice as many 
moods than teams inactive 1 and inactive 2, on average.
Regarding the notes attached to the moods, a total of 946 non-empty notes
were captured by the users and served as annotation for their affective states.
Table 4.13 offers an overview of the data gathered per team.
Table4.13.:Overviewofteamscompositionanddatacollected
Team ct/mrg/
coach*
No.
moods
Avg.
moods
No.
notes
Pre-
quest.
Post-
quest.
Both
quest.
active 1** 19 / 1 / 1 427 23.72 423 5 13 4
active 2** 17 / 1 / 1 315 21.00 302 13 4 3
inactive 1 15 / 1 / 0 138 10.62 137 12 8 7
inactive 2 14 / 1 / 0 111 9.25 84 13 13 12
Total 65 / 4 / 2 991 17.39 946 43 38 26
*No. of call takers, managers and coaches pro team
**These teams additionally conducted interviews and provided KPI data
The analysis of the moods captured in each team revealed that the number of
moods per user followed a similar distribution in all teams (see Figure 4.25).
Each team had a percentage of its members (approximately 25%) who actively
captured a higher number of moods (from 20 in the inactive teams to 136 in the
most active team), as well as another percentage of people (also approximately
25%) who captured fewer moods (from 1 to 5 in all teams) but were instead
checking the visualizations. This fact is also mirrored by the high standard
deviations shown above.
Users also had to enter a context to each captured mood; i.e., in which situation 
the mood was captured. Figure 4.26 shows the distribution of all captured 
contexts (N = 991) among the four available categories; i.e., after a call, after a 
break, after a coaching session, and other. In order to get more insights about this 
62% of other situations, the notes of those moods were analyzed. This analysis 
revealed the following contexts as the most common ones: start or end of shift, 
before break/lunch, back from lunch or a certain event, problem or issue (crash, 
waiting for other departments), feeling better after dealing with a problem, 
successful events, feeling tired, or having finished a certain task.
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Figure4.25.:Absolutenumberofmoodscapturedbyeachparticipantofeveryteam
An analysis of notes and contexts revealed information regarding in which 
situations call takers captured their moods and which reasons were behind them. 
Figure 4.26 to the left shows the distribution of all captured contexts (N = 991) 
among the four available categories. From the available categories, “others” was, 
unexpectedly, the most used. Therefore, in order to get more insights about 
these 617 moods with unknown context, the corresponding personal notes were 
analyzed and several categories were identified (see Figure 4.26 to the right).
From all the participants that were registered in the MoodMap App, 53 used the 
available visualizations during their working shift and a total of 1914 interac-
tions were logged. Each of these users had on average 36.11 interactions with 
the application (SD = 60.63) during the whole evaluation period. Such a high 
standard deviation shows that the usage of the app was very polarized, having 
users who were very active, whereas others almost did not use the app at all.
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Table 4.14 shows the usage of the views in the MoodMap App extracted from 
the log files. From the three available live visualizations which provide direct 
feedback in real time, Timeline (M  = 10.02) and Compare Me (M  = 10.23) were the 
most used. According to interviews and questionnaires, the Compare Me visuali-
zation was especially mentioned as the most important feature, as participants 
attached a high importance to the direct comparison of their mood to the teams’ 
average mood. This confirms our hypothesis that comparing themselves to the 
team in a quick and intuitive way may be supportive and useful, both in terms 
of creating curiosity in the users as well as allowing users to detect discrepancies 
that can initiate a reflective process. In contrast, neither the Collaborate visualiza-
tion (M = 1.21) nor either both available daily reports (M = 0.08) were used by 
the participants. From the Team Views which were only available for managers 
and coaches, the report with the smileys was the most used visualization.
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Figure4.26.:Distributionofcontextcategoriesamongallusers (left)andcategorizationof
notesrelatedtocontextsoftype“other”(right)
Table4.14.:Descriptive statistics of the usage of the different views of the MoodMap App:
threeliveviewsandtworetrospectiveviews
View Min Max Mean SD
Timeline 0 143 10.02 23.03
Compare Me 0 91 10.23 19.32
Collaborate 0 8 1.21 1.75
Meeting Report 0 3 0.08 0.43
Meetings & Me Report 0 1 0.04 0.19
The answers (N = 38) to the open questions of the post-questionnaire that 
referred to the acceptance of the MoodMap App and participants’ reaction to it 
showed that the users’ opinions were very amvibalent - from very positive over 
neutral to negative.
Regarding the situations in which it was useful to capture a mood, the responses
range from “It was interesting to capture moods at the start and end of shifts, depending
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on how much work was left to do etc.” to “difficult to use an app when calculating
mood because I FEEL. I do not need a technology to validate it.” If the users would or
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would not share their moods with managers was also very diverse. Some would
especially share their mood about an awful call or a bad situation others would
not share such a mood at all.
The final comments from the participants regarding the MoodMap App in
general showed their different attitudes towards the application again. Four
participants provided positive feedback like “the mood map was fun to use and did
lift team spirit for those that used it but I wouldn’t say it has impacted on my day to day
work or performance” or “I really enjoyed it. To make it more fun, we would use a # in
the same way as twitter. It helped to improve mood further.” Five of the participants
provided neutral statements and four of the participants’ opinions were rather
negative; e.g., “I think BT should spend their money more wisely.”
The post-questionnaire covered questions regarding the self-reported capturing 
method used. Participants slightly agreed that the data gathering was accurate, 
effortless, relevant and timely, with a higher score in the active teams (M = 3.78) 
than in the less active teams (M = 3.57). The app was considered intuitive and 
easy to use without the need for further guidance (M = 4.02). Overall satisfaction 
with the app was also higher in the active teams than in the less active (see 
Table 4.15).
Figure 4.27 (satisfaction) shows that the participants (N = 38) stated that they 
have slightly agreed to be satisfied with the MoodMap App. If we consider 
this score for each individual team, it shows that the teams who have used the 
MoodMap App at most (Team active 1 and Team active 2) agreed to be more 
satisfied with the MoodMap App than those who had not used the application so 
intensively (Team inactive 1 and Team inactive 2). The overall score regarding 
the long-term usage of the MoodMap App during work (Figure 4.27, long-term 
usage) is rated rather neutral. Again, the two teams Team active 1 and Team 
active 2, who have intensively used the application, agreed that they would like 
to continue using the MoodMap App. In contrast, the scores of the two teams 
with the lower usage, namely Team inactive 1 and Team inactive 2, rated the 
long-term usage neutral or slightly disagreed to it. The future usage was rated 
neutral or slightly positive. In this case, the mean score represents also three of 
the individual teams except Team inactive 1.
A Pearson product-moment correlation coefficient was computed to assess the
relationship between several variables from level 1. Concretely, the number
of captured moods, interactions with the application, subjective usage, self-
expressiveness of feelings and social media attitude were investigated. Due to
the difference between the data available for each participant, it has to be taken
into consideration that only a selection of the users could be considered in this
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analysis; i.e., the users who had data available for each of the variables involved
and mentioned below.
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There was a very strong positive correlation between the number of captured 
moods and the number of interactions in the MoodMap App (r = .870, p = .002, 
N = 64). That means that users who captured more moods were also using the 
visualizations more often. A significant moderate positive correlation was also 
found between the number of interactions and subjective usage (r = .496, p 
< .001, N = 35). Finally, a strong positive correlation between captured moods 
and subjective usage was determined, too (r = .626, p < .001, N = 35). This result 
indicates that all three variables are correlated. This outcome is the expected 
result, as a higher usage of the app produces the capturing of more moods. It also 
shows that users could properly assess how often they used the app during their 
work and were aware of the introduction of the app in their daily practices. We 
also found that users’ ease at expressing their feelings at work is correlated with 
captured moods and app interactions. There is a moderate positive correlation 
between interactions and expression of feelings (r = .411, p < .014, N = 35) and a 
weak positive correlation between captured moods and expression of feelings 
(r = .384, p < .023, N = 35). We found no correlation among the other level 1 
variables mentioned above; e.g., social media attitude, which we expected to 
correlate with the usage of the app. This was also confirmed by an interview, 
where a highly active user in the MoodMap App stated not having any account 
in social media platforms.
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Figure 4.28 shows the scores of the possible barriers of using the MMA including
general barriers such as not having time, not having physical space, not having
seen any advantage, or not having motivation to use the app. Users rated these
barriers with neutral to slight disagreement, which also corresponds to each
single team.
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Figure4.28.:Meanratingsforpossiblebarriersincludinggeneralbarriers(time,spaceand
motivation),socialattitude,self-expressionandsharing
The social media attitude (Figure 4.28, social attitude); i.e., how likely it is that 
they use social networking platforms (e.g., Facebook, Twitter, LinkedIn, Google+ 
or MySpace) was rated slightly positive, which means that the social media 
attitude is not a barrier for using the MoodMap App. Regarding their comfort 
with the self-expression of feelings (Figure 4.28, self-expression) in general and 
during work, the participants rated it neutral or slightly agreed. Having a look at 
this aspect at team level, only one team slightly disagreed with being comfortable 
in expressing their mood (Team inactive 1: M = 2.50; SD = 0.80), all other teams 
stated their self-expression rather positive. Sharing of emotions (Figure 4.28, 
sharing) with managers and coaches was not seen as a significant problem. The 
concerns of participants regarding the privacy they submit on social networking 
sites (rated with a 4-point Likert scale: not at all–a little–somehow–highly) shows 
that the participants are only little to somewhat concerned about their social 
privacy (M = 2.47; SD = 0.95).
From the open questions of the post-questionnaire we received many different
responses regarding the barriers of the MoodMap App usage. Responses from
the 13 participants who have answered this question show that they either do
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not see any direct barriers for using the MoodMap App, that they perceived
the MoodMap App as easy-to-use, that the app could become part of their
normal working day, or that the app only has a clear benefit for the coaches and
managers but not for the call takers.
Call takers were also asked if they could imagine using the app in the future:
32.35% would use it if their manager or coach thinks it is important, 23.53%
if their colleagues attach importance to it, 17.65% of them would use the app
regularly, 2.94% from time to time, and 23.53% would not use it at all.
Learning
The post-questionnaire included seven app-specific questions of the evaluation 
toolbox. Figure 4.29 presents the mean ratings (in a 5-point Likert scale) of 
the app-specific reflection questions per team. The overall mean shows that the 
participants slightly agreed that the application has potential to initiate reflection 
by capturing data relevant for reflection and visualizing data to reconstruct 
working experiences as well as capturing learning outcomes. The rating of each 
team proved very interesting. While Team inactive 1 (M = 2.09; SD = 0.99) and 
Team inactive 2 (M = 2.70; SD = 1.48) rated the app-specific reflection questions 
rather neutral or slightly disagreed, the other two teams Team active 1 (M  = 3.44; 
SD  = 0.69) and Team active 2 (M  = 4.25; SD  = 0.96) rated it very positive. The 
results show that the teams with higher MoodMap App usage also gave higher 
ratings with respect to the app’s potential to support reflection.
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Figure4.29.:Meanratingsperteamforthesevenapplicationspecificreflectionquestions
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In order to investigate if self-reflection has taken place during the usage of the
application, we analyzed the 946 inserted notes with a coding scheme for reflec-
tive content [Prilla and Renner, 2014]. Three different researchers conducted the
first rating of the notes independently. The inter-coder reliability exceeded an
average compliance in each of the following categories: Category 1 - Experience
or issue/problem report: 87%, Category 2a - own emotions: 91%, Category 2b -
emotions of customers: 93%, and Category 3 - interpretation and justification:
92%. A low number of notes were assigned to categories 4 and 7; therefore, no
inter-coder reliability can be reported. After the first categorization round, the
researchers discussed all the notes where their ratings differed. In this second
categorization round, a 100% accordance was achieved.
Each note could be assigned to more than one category. From the total number of
notes, 239 notes could be identified as individual reflective items. The remaining
707 notes were not work-related and could therefore not be assigned to any of
the categories. Figure 4.30 shows a summary of the number of notes in each
category. The categorization resulted in: 185 notes referring to the expression
of own emotions, 141 notes classified as experiences or issue/problem report,
50 as emotions of customers, 17 as interpretation and justification of actions
taken during work, 3 as linking an experience explicitly to other experiences,
and finally 1 note as giving solution suggestions.
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Figure4.30.:Number of notes in each reflection category according to the Reflection
Coding Scheme
The average ratings of questions that addressed reflection and its impact on
participants’ work are summarized in Table 4.15. The support of the MoodMap
App regarding emotional awareness and identification of issues worth reflecting
was rated with higher scores by the active teams than by the inactive ones.
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Table4.15.:Average values for items from the post-questionnaire: satisfaction,awareness
andreflection (N = 38)
Questionnaire Item Active
Teams
Inactive
Teams
IamsatisfiedwiththeMoodMapApp. 4.00
(SD = 0.87)
3.17
(SD = 1.35)
The app helped me to become aware of my
ownmood.
4.06
(SD = 0.83)
3.11
(SD = 1.28)
The app helped me to become aware of my
colleagues’mood.
3.88
(SD = 0.93)
3.06
(SD = 1.06)
Theapphelpedmetoidentifysignificantsitu-
ationsworthreflecting.
3.71
(SD = 0.85)
2.83
(SD = 1.10)
The app helped me to identify significant
moodchangesworthreflecting.
3.65
(SD = 1.00)
2.72
(SD = 1.07)
Capturingmymoodbetweencallswithcus-
tomersisusefultoreflectandthinkaboutmy
dealingwithcall issuesandcustomers.
3.65
(SD = 0.86)
3.17
(SD = 1.10)
As seen in Table 4.15, participants in the active teams agreed with the app helping 
them be aware of their colleagues’ moods. This fact was also supported by the 
interview with a call taker: “we sort of discussed it [the app] just to get a better time 
offline, you know, the wait-time in between calls and, speaking to my colleagues, they 
find it very positive [...]”. A manager also confirmed: “It improved communication 
within the team. [...] It opened the channels of communication around call drivers, 
energy dips and fluctuation in moods.” We also asked participants if the mood 
self-tracking app had increased their ability to reflect collaboratively. Results 
show that participants in the most active teams agreed with their ability being 
increased (M = 3.82), while the less active teams remained neutral (M = 3.28).
Participants were asked in pre- and post-questionnaires whether reflecting on
their work and on their emotions helped them to improve their customers’
satisfaction. After the evaluation, participants were more confident that reflection
on their work has an impact on customer satisfaction, but less confident with
respect to the impact of reflecting on their mood. This shows that reflection on
mood alone is not enough to affect work. Rather, mood entries serve as trigger
to start reflecting on work or working processes.
The questions of the Short Reflection Scale (SRS) were posed in the pre- as well 
as in the post- questionnaire with the goal of finding out if the usage of the 
application contributed to improve the reflective practices of the participants 
(N = 26). We found no significant differences between the pre-questionnaire (M 
= 3.98; SD = 0.49) and post-questionnaire (M = 3.89; SD = 0.53) mean ratings
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for the SRS. The values of the pre-questionnaire show that the willingness to
reflect was rather high right before app usage and did not show any significant
improvement after the evaluation. An explanation of this phenomenon is that
most of the participants see themselves as reflective persons, and since the initial
value was rather high it is more challenging to show an improvement. Another
possible explanation for this would be the relative short evaluation period, as we
have no evidence how likely it is that the answers to these questions significantly
will change in 4 weeks.
We evaluated the results with respect to learning outcomes through two ques-
tions in the post-questionnaire. To the question if users had made a conscious 
decision about how to behave in the future (CL110), the participants remained 
neutral with an average M = 2.91 (SD = 1.09). This was also the case for the 
question asking participants if they had gained a deeper understanding of their 
work life (CL211), which was rated with M = 2.85 (SD = 1.14).
Considering the answers of each team separately, only Team active 2 
differs from the scores mentioned above. This team—with M = 4.25 (SD = 0.96) 
for CL1 and for CL2—agreed to have gained a deeper understanding with 
regard to their work-life and what to change about their work behavior. 
However, this polarized result may also be influenced by the fact that only four 
participants of this team have filled in the post-questionnaire.
We also asked participants about examples and further details about what they
had changed or learned. Decisions taken by participants included being more
positive; e.g., “I realized I have been annoyed and consciously made the decision to let
things affect me less”, “not to allow myself to jump to anger as often”, or “more positive
attitude towards negative situations”; and improving their behavior with respect
to others; e.g., “try and be more positive regarding distressed customers”, “to remain
calm and not bring it to the next customer”, or “just how to change how I deal with
people in general out of work as well as at work.”
Participants gained a deeper understanding about their feelings; e.g., “nobody
wants to see sad faces and low moods so it lifts your moods” or “when I notice the mood
app is showing low energy....” They learned also about how their mood affects
their work; e.g., “larger work load, causes more stress at different times of the day”, “I
can see how my mood can change over the day depending how busy we are”, or “I could
see that I was in a worse mood in the morning, but would work hard to push through
the bad mood”; and about what things they remember best; e.g., “I would be more
prone to remembering the things that went wrong rather than what went right.”
10 CL1: “After using the MoodMap App, I made a conscious decision about how to behave in the
future.”
11 CL2: “After using the MoodMap App, I gained a deeper understanding of my work life.”
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Behavior Change
Behavioral change (measured by question CB112) was rated by the participants 
with M = 2.77 (SD = 1.27), which implies that the participants tend to state neutral 
or slightly disagreed that the MoodMap App helped them to improve their work 
at the call center (e.g., during the shift, after customer’s calls, during and after 
coaching sessions, during team meetings, or in other situations). This result 
shows that—from a subjective perspective—participants tend to underestimate 
the positive influence of the app on their work performance, besides having 
recognized changes in their behavior in some cases and having improved their 
scores in the Key Performance Indicators (see Section 4.9.2). Nonetheless, 35% of 
the participants agreed with the MoodMap App helping them to improve their 
work performance and mentioned that their work is improved by becoming 
aware through the app. They stated that if their mood was low, they tried to 
lift it, that they would try to have a more positive attitude towards negative 
situations. A participant also mentioned that he or she would use the MoodMap 
App to state how much work they had completed.
We also asked the participants if they had recognized any improvements in
the attitude of their managers and coaches. Most of the answers stated that
the attitude of the four managers and their coaches was already great, being
approachable, supportive and easy to interact with, so they had not noticed
any further improvements. Nonetheless, in Team inactive 1 a participant recog-
nized that their manager had shown a little more concern about their current
moods and in Team inactive 2 another participant confirmed having recognized
improvements but, unfortunately, did not give any further details.
Further questions on work improvement were divided according to the partici-
pant’s role. Coaches and managers were asked if they had noticed any improve-
ments in the work performance of their call takers since they started using the
application. Answers to this question were available from teams inactive 2 and
active 1, both from the manager and a coach respectively. Although the opinions
differed (one coach and one manager agreed by rating 4, whereas the other coach
and manager disagreed by rating 1), we could appreciate a direct relationship
with the question on making a conscious decision about how to behave in the
future mentioned above (Learning Outcomes). The manager and coach who
agreed with having made a conscious decision and behaving differently also
noticed improvements in the work of his or her call takers, and vice versa.
Table 4.16 shows the mean and standard deviation for several questions related
to participants’ behavior. For the comparison of the pre-test and post-test situa-
tion, only the answers of the 26 participants whose data for both questionnaires
12 CB1: “The MoodMap App helped me to improve my work performance.”
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is available were taken into consideration. As the results show (see coaching
sessions in Table 4.16) the perception of the participants was slightly improved.
Average rating to the question regarding if being aware of own emotions during
customer calls helps to reduce the call taker’s customer repeats (number of times
a customer has to call again to solve an issue, which should be always solved
“Right First Time”; see customer repeats in Table 4.16) was also slightly reduced.
Participants were also asked whether reflecting on their work and on their emo-
tions helps them improve their customer satisfaction. The comparison between
the answers before and after the evaluation (see work customer and emotions
customer in Table 4.16) show that participants were more confident after the
evaluation regarding reflection on their work, but they were less confident with
reflection on their moods getting to affect customers’ satisfaction.
Table 4.16.: Results to questions from the post-questionnaire regarding participants’ be
havior, with a 5-point Likert scale (N = 26)
Pre-questionnaire Post-questionnaire
coachingsessions
covercoaching
customerrepeats
feedbackprocesses
reflectfeel
workcustomer
emotionscustomer
M=3.87;SD=1.45 
M=3.87;SD=1.45 
M=3.80;SD=1.16 
M=3.68;SD=1.03 
M=3.40;SD=1.34 
M=3.32;SD=1.33 
M=3.74;SD=1.54
M=4.00;SD=1.26 
M=3.87;SD=1.45 
M=3.43;SD=1.43 
M=3.68;SD=1.03 
M=3.40;SD=1.34 
M=3.80;SD=1.16 
M=3.32;SD=1.33
Additionally, the conducted Pearson correlation showed that there is a positive 
correlation between the customer’s average rating of the participants after the 
usage period of the MoodMap App and how comfortable the users felt with 
expressing feelings in general (r = .635, p < 0.026 for N = 12). This shows that 
the usage of the app may have a positive impact on better communication with 
emotions and call taker’s empathy, resulting in a better rating of the services by 
the customers.
Regarding the Short Reflection Scale score of the participants and the customer’s 
average rating of the participants, it was also proved through a Pearson test, 
that they positively correlate with a score of 0.586 (p < 0.035) for N = 13. This 
implies that for these 13 participants the rating for this KPI is higher when the 
user has a higher reflection score. That means that the usage of the app has a 
positive impact on both parameters, although this interpretation can only be 
confirmed for those 13 participants whose data was available.
Additionally to the feedback gathered with the questionnaires, gained insights
and behavioral changes were collected through several interviews. Interviews
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with two managers and one call taker were conducted. Feedback from both
managers was very positive, especially regarding the insights they gained about
their teams and how this positively affected the teams’ work. The call taker
from Team active 2 perceived the experience with the MoodMap App as very
positive and he learned some insights when comparing himself to the team.
Possible changes a manager was considering thanks to the MoodMap App were
modifying the time or maybe even the organization of the huddles themselves if
the call takers were in a low mood, or also defining some new tasks or activities
for certain points in a day where the mood dropped. A manager also mentioned
insights regarding their individual mood: “As the moods were easily visible, this
allows the managers to incorporate their coaching style to reflect the current mood” and
these insights made him also change his behavior at work: “When my energy level
is low, I leave the desk and do something else until my level is up again. Then I return to
my desk.”
Insights for uptake in other teams were also discussed: “I think it definitely
improved my insight into my team. And I think it would also be useful for managers that
have like a team that work away from the offices, that work at home so you can’t always
see them, but you can see what kind of moods they are in—and how they’re feeling and
stuff. You know, if I wasn’t in the office, I can still see how my team is feeling. [...] It is
definitely an improvement for me.”
The interviewed call taker commented on insights he had gained by reflecting on
his mood and highlighted the fact that he could see the mood of his colleagues
and compare himself to them: “Yeah, I like the way you can see the team members
as well; you can see where they are, or you sort of wonder yourself why are they there,
or why are they are up there and I am down here or vice versa. So you sort of wonder
and I ask these things to myself if they just had a really bad day or had a bad call or are
just generally feeling unavailable [...] it is quite a good thing to look at, and I always
compare myself to others.” He also mentioned that reflecting on a certain call
helped him move on to the next customer feeling better and not being affected
by past negative experiences.
The call taker also admitted not having used it in his coaching sessions, but
being willing to use it: “I think we should use them more in coaching, I think we
should incorporate it in peer-coaching, but make it positive, don’t reflect on a negative
thing, [...] So everybody likes positive feedback; nobody likes negative feedback, so I think
that by using it in coaching you should always make it positive....”
Work Outcomes
For the first period, during which the MoodMap App was used (from October
21, 2013 until December 19, 2013), the results of the paired-samples t-test for
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the individual KPI Average Rating are shown in Table 4.17. To test the normality
of the data, we previously conducted Kolmogorov-Smirnov tests. All variables
related to the periods before and during usage of the MoodMap App were normal
distributed.
There are statistically significant differences at the .01 significance level in pre-
test to post-test scores in team active 1. The average rating delivered by the
customers increased 8.20% during the period where the MoodMap App was
used, which is a positive result. Regarding team active 2, the average rating
slightly increased, but these results are not statistically significant. In the follow-
up rating, KPIs were slightly reduced in both teams, but the reduction was not
significant according to the t-test (Team active 1 -0.06%, team active 2 -8.62%).
Table4.17.:Comparison of KPI Average Rating of active teams before and during the usage
period:descriptivestatisticsandt-testresults.
Team Period M SD n t df p
active 1 before 82.79 7.98 19 -3.39* 18 .003
during 89.58 5.81
active 2 before 82.82 8.24 17 .06 16 .95
during 83.00 11.86
*p < .01
For the second period, during which the MoodMap App was not used anymore
(December 19, 2013 to February 7, 2014), we measured the metrics at individual
level, summarized in Table 4.18. The intention of these measurements was to
follow up if the identified improvement in the KPIs could be maintained for
longer periods of time after the usage of the app. Again, Kolmogorov-Smirnov
tests were conducted to test normality. Two out of the four variables were
not normal distributed (concretely, the variables corresponding to the period
after usage for both groups). Consequently, using a non-parametric test was
more appropriate and robust. As we were dealing with paired groups, two-
tailed Wilcoxon Signed-Rank tests for the individual KPI Average Rating were
conducted. Since the p-value is greater than 0.05 in both tests (see Table 4.18), we
conclude that the means have remained essentially unchanged (we accept the
null hypothesis); there is no significant difference between the metrics during
and after app usage.
As displayed in Table 4.18, the average rating scores suffered a slight reduction
in both teams (Team active 1 -0.06% and Team active 2 -8.62%), whereas the
median scores increased or remained. However, according to the Wilcoxon test,
these changes are not significant.
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Table 4.18.: Comparison of KPI Average Rating of active teams during and after the usage
period: descriptive statistics and Wilcoxon test results.
Team Period M SD Mdn n W Z r p
active 1 during 89.58 5.81 92 19 75 0.806 0.185 0.432
after 89.33 13.46 95
active 2 during 84.27 8.20 86 15 73.5 0.768 0.198 0.459
after 77.00 21.69 86
The Key Performance Indicators at team level are reported in Table 4.19.
Table4.19.:Results for change in percentage of team KPIs during and after the app usage
period,foractiveteams
NPI Call Taker Sat Recap
Team during after during after during after
active 1 40.00 17.14 7.14 -1.11 4.71 -3.37
active 2 16.67 -34.29 1.19 -3.53 3.80 -1.22
The metrics from team active 1 show that NPI increased 40.00% (from a score
of 25 to 35 points) during the app usage period, whereas its improvement
afterwards was only 17.14% (from 35 to 41). The metrics from team active 2
show a similar behavior. However, the difference between the usage period and
the period after usage regarding the NPI is greater, having an improvement of
16.67% with the MoodMap App and a decrease of 34.29% during the period
after the cessation. Regarding Call Taker Sat and Recap, the same behavior was
detected in both teams: the metrics were slightly improved during the MoodMap
App period, but they decreased minimally after the usage cessation.
The question related to the loyalty metric was only answered by a low number 
of participants (N = 38) and these were users who were not so active in the 
app, while we lack the answers from the most active users. Due to this fact, the 
loyalty metric could not be taken into consideration for the analysis and the Net 
Promoter Score (NPS) could not be accurately calculated.
Two managers (from teams active 1 and inactive 2) have filled in the post-
questionnaire respectively. Their answers provided positive insights into the 
Team Views and how they helped to improve collaboration with their teams. The 
smileys visualization made them especially aware of the mood of each single 
team member and helped them gain insights about each team member (M =
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4.5). The Weekly Timeline View made them aware of the mood development 
of the team and where actions need to be taken to increase the overall team’s 
mood (M = 4.25). This positive attitude was also acknowledged during one of 
the interviews: “I see the smileys, like I can always tell how people are feeling and if 
someone is having a really hard time or someone has done something really good.” and 
confirmed through the appraised log data. Discussions with the second level 
management revealed three possible reasons: this view shows what is happening 
at the present moment, it allows exploring the daily work development of each 
team member, and it is the most user-friendly and easiest to understand.
Managers confirmed in their interviews that they also got new insights with
regard to their teams. They appreciated seeing how their individual call takers
were feeling at a glance, especially when not having direct contact with each
of their team members every day. This allowed managers to be more proactive;
e.g., by directly contacting a call taker who was in a bad mood and offering
support or further encouraging if necessary. Furthermore, the managers directly
discussed the moods with their call takers on the floors during work and asked
if there was anything to discuss in-depth or where the manager might provide
further assistance. At team level, the managers also recognized that there were
certain points in a day where the mood dropped: mid-afternoon and after lunch.
So they were looking if there was anything they could put in place in order to
change that and to increase the average team mood.
In order to confirm the design decision taken about sharing of the data after 
the first study, we asked call takers their opinion on sharing and the benefits 
it can bring. They slightly agreed (M = 3.77) with the fact that sharing their 
moods with their manager and coaches is fine for them. Regarding the goal 
pursued by sharing the data; i.e., that managers know the feelings of their team 
members to help them identify problems and directly help the appropriate 
person, participants restated their agreement (M = 4.16).
The interviews with the two managers of the most active teams shed insight
on the opportunities provided by mood tracking. One of them explained an
illustrative example about how he used the app and reacted on the mood of one
of his call takers: “I sit in a little corner of the office so I don’t actually get a chance to
interact with all of my team all the time. So I find the MoodMap App very useful to see
how everyone was feeling because, obviously, not everyone comes to tell you how they
are feeling and I had one guy, he sits quite far away from me and he was on a really hard
time with a difficult customer. All said and done, by the way, he made a comment on the
MoodMap App about having a really hard time and that he was not feeling like he was
getting any help. So, straight away, I went over to him and asked what I could do to help
him and an hour later his mood had gone from, like, really low to really high because
I had gone over to help. [...] I would have never known about that and he would have
probably struggled on, sitting there without me knowing anything.”
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4.9.3. Discussion
Our study indicates that mood self-tracking increased cohesion in the team and
supported reflection, what finally led to improvements on work performance.
We discuss factors that have contributed to our research, challenges encoun-
tered, and resulting implications for the introduction and design of a mood
self-tracking application at work in a wider sense.
Minimizing Capturing Efforts
Self-tracking is a voluntary activity driven by both intrinsic and extrinsic moti-
vations [Gimpel et al., 2013] that requires, besides preparation, collection and
integration, additional effort for reflection about and action on the data [Li et al.,
2010]. By definition, subjective mood can only be collected via manual tracking
and this results in additional efforts. Our work aimed to build a tool that lowers
the user burden, which helps users easily track data and increase awareness.
Besides the required efforts, the resulting adaptation of the MoodMap App led
to a tracking interface which participants considered quick and easy to use.
Guidance for Capturing through Contextualization
Useful data must be easy to understand and linked to the work process. In our
field study, we identified calls, coaching sessions, and breaks as the main tasks
of call takers processes with potential to be related to mood data. This direct
link to their daily tasks was intuitive and, at the same time, guided the captur-
ing phase by showing examples of situations worth reflecting upon. However,
the high percentage of moods captured outside the predefined tasks showed
the importance of freedom for the appropriation of self-tracking tools by em-
ployees. Furthermore, the collaborative setting requires that moods have to be
contextualized to be understood by others.
Comparison as Motivation Cue
Findings on activity tracker users showed that data tracking is often social and
collaborative driven rather than personal [Rooksby et al., 2014], but this is ex-
ploited in the sense of competition (e.g., rankings) or showing success (e.g.,
announcing achievements in social media). However, in the call center sharing
of data achieved cohesion in the team as well as empowerment of employees
rather than competition or recognition, by increasing emotional awareness and
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providing meaningful triggers to collaboratively solving problems and impro-
ving work. As call takers confirmed in the questionnaires, being aware of their
colleagues’ mood is relevant for them. The log data also shows that the Compare
Me visualization (which can only reflect updated values if the user captures
his or her mood in that moment) was the most used feature. We see that this
curiosity of call takers in the mood of colleagues has not only contributed to motivating
call takers to use the visualizations, but also to capturing more moods. Therefore, our
results extend the insights from Church et al. [2010] on sharing of mood within
distributed groups of friends to employees in an open-plan office.
Trade-off between Sharing and Privacy
In many QS tools, sharing of data is exploited in the sense of competition (e.g.,
rankings) or showing success (e.g., posts about achievements in social media).
In the call center, sharing of data achieved cohesion in the team as well as
empowerment of employees. Privacy was expected to be a major barrier for
self-tracking at the workplace and was targeted by questionnaires before and
after the study. For participants, the benefits outweighed any privacy concerns
because sharing and visualizing the annotated mood data led to clear benefits for
both parties; i.e., team cohesion and empowerment of employees. Nonetheless,
some employees may be uncomfortable with the fact of sharing their mood data
and therefore the decision on what and when to track should be left to each individual
user. Generalizing a positive attitude regarding privacy to other domains should
be carefully considered; call takers are used to being monitored during their
work (e.g., calls are recorded) but this is not the case for all professionals. These
challenges also apply to the organizational culture, which in our case fitted
with the approach of mood self-tracking very well, but we may find this initial
predisposition lacking in other work settings.
Work Process Integration
It is necessary to discuss identified opportunities for reflection with all involved
parties in order to integrate them in work processes and reduce barriers from
the beginning. Although coaching sessions were seen as a promising venue
to embed reflection, participants confirmed in the interviews that the app was
not integrated. Some call takers expressed their willingness: “I think we should
use it more in coaching, [...] incorporate it in peer-coaching.” However, during the
interviews, two possible causes for the lack of usage in coaching were suggested:
(i) no integration of mood data with call center data in joint reports, and (ii)
managers did not achieve to sufficiently motivate and engage coaches.
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Lack of Time for Reflection
Work done in HCI has confirmed the importance of emotions, not only for per-
sonal self-tracking purposes, but also in work related settings to better support
the re-evaluation of past working situations based on emotions [McDuff et al.,
2012], as well as to improve communication in work environments [De Choud-
hury and Counts, 2013; Dullemond et al., 2013]. However, due to time and
business constraints in call centers, time and space to review their gathered data
was not given to call takers. In this respect, one manager stated: “We think in
numbers and money. If we give 2 minutes per day per person, that is 10 minutes per
week and if I have 200 people online... that means... a lot of time and a lot of money. It is
about the business.” This is an attitude that is unlikely to change because reflection
is seen as of secondary importance to work tasks. Managers have always placed
a higher value on action than on reflection [Daudelin, 1996].
Challenges of Reflection-on-action
The major challenge was not the capturing state of the tracking process, but the
motivation and priorities of participants to take time to review the gathered data.
As Choe et al. [2014] mention, the “ultimate goal is to reflect upon one’s data, extract
meaningful insights, and make positive changes, which are the hardest part of QS”. The
low usage of the available mood reports as well as the fact that no dedicated
time for reflection was made available showed that there is little evidence that
reflection-on-action [Scho¨n, 1984] has taken place.
Success of Reflection-in-action
Our results confirmed that people make sense of data especially when they
collect it [Choe et al., 2014]. Furthermore, reflection should not be a stand-alone
activity but a component of a holistic experience where an activity is ongo-
ing [McCarthy and Wright, 2004]. Reflection-in-action [Scho¨n, 1984] took place
directly during the MoodMap App usage, as indicated by (i) the identification of
reflective content in approximately a fourth of all notes gathered when capturing
moods and (ii) the higher usage of those visualizations that offer a quick view
of what is happening in the moment (e.g., Compare Me or Smiley Team View) or
what has happened (e.g., My Timeline). These visualizations provided on-the-fly
and real-time insights they could directly react upon.
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Improvements in Work Performance
With respect to the work improvements investigated in RQ4, results show that
some of the participants could recognize a clear benefit for themselves, but they
could identify this benefit especially for the coaches and managers, if they can
see how each individual call taker of the team is feeling and react to it. Some of
the call takers, coaches, and managers mentioned that they have gained a deeper
understanding with regard to their work-life and what to change about their
work behavior. The call takers stated that they try to be more positive regarding
distressed customers and to the decision to let things at work affect them less.
Two of the managers and coaches also confirmed having taken conscious deci-
sions to change their work behavior. Individual and team work performance
improved in correlation with app usage as shown by KPI measurements. For
strong usage in team active 1, this correlation was statistically significant and
is further supported by the slight decline of the KPIs in the follow-up mea-
surements. The impact of the application in their work environment cannot be
isolated completely and other factors may affect the development of the KPIs.
However, interviews with the management did not reveal any other concrete
factor that may have influenced these positive results.
Improvements in Inter-Role Relationships
The introduction of the MoodMap App positively affected the communication
between managers and call takers. Managers increased their awareness of their
team’s emotional state [Garcı´a et al., 1999]. This allowed them to react quickly
towards each individual member of the team. The fact that managers work in
separate offices and are not always present in the common working space of
call takers provided additional value to the insights gained from mood track-
ing. Feedback of call takers revealed that the app allowed them to vent and to
quickly communicate problems to their manager when they had no immediate
solution on their own and needed further support. As described above, a call
taker’s mood triggered a change in the manager’s communication patterns
and ultimately led to improvements in his employee’s work performance. This
shows how, with simple interventions implemented through self-tracking, the
“reporting upstream” [Colombino et al., 2014] can be enriched so that employees’
input can trigger changes in established work processes.
The differences of usage that we encountered in active versus inactive teams
showed a direct connection with the different management styles as confirmed
by discussions with the second level management. Whereas the active teams
had managers who were engaged with the MoodMap App, encouraged their
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teams and proactively reacted to the data; managers in the inactive teams
adopted a more passive attitude. For the active teams, this was seen as a direct
benefit which enables later long term benefits of reflection.
Limitations
One of the main challenges was to achieve a complete dataset for the question-
naires, as well as a control group. Such methodologies are not usual in their
work environment and there are many barriers to achieve these two conditions.
Although the organizing manager at BT tried numerous times to get back the
questionnaires (through the respective managers) and to find a control group,
his efforts were unfortunately unsuccessful. This was also the case for the KPIs
regarding teams inactive 1 and inactive 2, which could not be made available.
As a result, the interpretation of the gathered data within the application itself,
the usage of the MoodMap App derived from the log files, as well as the pre-
and post-questionnaires was rather difficult. The prime reason is that the users
who used the application most and the users who filled in the pre- and post-
questionnaires were partially not the same. Therefore, we had to decide which
available combination of data can be meaningfully used for which type of eval-
uation result and interpretation purposes. Due to this fact, only 26 participants
delivered answers for both questionnaires and therefore analysis of pre- and
post- situation was rather limited.
In the case of Team active 2, only 4 out of 18 participants have filled in the post-
questionnaire, although this team was one of the two most active ones. Due to the
low number of participants the obtained results might not completely mirror the
whole team. On the other hand, we had conducted two very positive interviews
with the manager and one call taker of the team. The positive attitudes of these
two participants as well as the low numbers of filled in questionnaires may
suggest that significant positive results regarding the benefits of the MoodMap
App were not visible. The fact that teams active 1 and active 2 captured twice
as many moods as the other two teams is also remarkable.
4.10. Summative Evaluation II:
Italian Software Company
The use of the MoodMap App was initially identified by the human resources
manager of the company with the goal to provide a possibility for self-reflection,
self-development and stress detection during work. Therefore, they embedded
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the MoodMap App directly in their working processes with the aim of inte-
grating it in their daily working routines. The MoodMap App should give the
individual the possibility to reflect on his or her own mood as well as the mood
of the whole department.
In this first trial, the MoodMap App was not integrated in their systems, but it
was made accessible directly from the employees’ desktop (through an icon).
During the introduction of the MoodMap App, the Regola’s manager responsible
for the evaluation made the participants aware to use the application in different
situations and significant work-related activities; e.g., if the service desk has
to deal with a particular request. Very short meetings with the corresponding
managers were planned in order to find out how the mood or particular things
according to the results of the MoodMap App can be improved. Additionally,
Regola had interest in investigating which daily activities are most suitable to
introduce mood self-tracking.
This evaluation took place in collaboration with Know-Center Graz in the context
of the EU project MIRROR.
4.10.1. Procedure
The summative evaluation of the MoodMap App at Regola started on February
12, 2014 and lasted until March 31, 2014. The MoodMap App was introduced
to all five departments by the responsible project manager of Regola. During
this introduction, the project manager described the usage of the MoodMap
App and presented a success story which emerged during the MoodMap App
evaluation at BT (see Section 4.9), in order to show them a meaningful insight
and a clear benefit. Additionally, the department members were asked to fill in a
pre-questionnaire including the MIRROR consent form. During the application
usage period, all participants of the trial were asked to insert their moods during
their working shifts and to reflect on their inserted moods and notes individually.
The managers were additionally instructed to use the team visualizations in
order to reflect on the mood development of their departments and take actions
if necessary. At the end of the trial, all participants were requested to fill in a
post-questionnaire. Additionally, seven participants of the evaluation took part
in an interview with the researchers with the aim of gaining more insights about
the evaluation and the usage of the MoodMap App at Regola.
Participants
Out of 38 employees of Regola, 35 have participated in the MoodMap App eval-
uation. The reasons for not participating were not related to the evaluation itself,
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but it was due to personal or professional reasons. The 35 participants were split
over five departments, following the structure of the company (see Section 4.1.3).
This resulted in the following departments and number of participants:
• Department Am (Administration): N = 4
• Department Co (Sales and Marketing): N = 4
• Department Qu (Support and Service Desk): N = 6
• Department Pm (Production): N = 5
• Department Sv (Development): N = 16
Among the participants, 27 were male and 8 were female. Participants in the 
evaluation were between 20 and 59 years old, with 9% of them aged between 
20 and 29, 77% between 30 and 39, 11% between 40 and 49, and 3% between 50 
and 59. They had worked on average M = 6.77 (SD = 1.52) years in their current 
position, ranging from participants with less than one year and to a maximum 
of 15 years in that position. The average years in a similar position were M = 
4.14 (SD = 2.96). 80% of the participants are working full-time, 17% are working 
part-time, and one participant has not stated his job scope.
All participants have filled in the pre-questionnaire and the post-questionnaire.
Two of the participants have filled in the pre-questionnaire after the trial, so only
demographic data was used for analysis (questions regarding reflection practices
and expectations were not considered). One participant has filled in the post-
questionnaire with invalid data; therefore, these answers were also removed
from the dataset. A total of 32 participants have filled in both questionnaires
and their answers constitute the dataset used for comparisons of pre- and post-
questionnaire variables.
Evaluation Tools
Analogous to the previous summative evaluation, we investigated relevant
indicators for reflective learning and their impact for individuals and teams, as
well as the organization as a whole. We used the summative evaluation toolbox
developed in the framework of the MIRROR Project [Knipfer et al., 2012], which
defines four analysis levels: reaction and usage, learning, behavior, and work
outcomes.
Except for the Key Performance Indicators (KPI), we used the same evaluation
tools as in the previous summative evaluation. A detailed description of these
tools can be found in Section 4.9.1. KPIs could not be provided by the company.
Therefore, concrete questions about their KPIs were asked to the different de-
partments before and after the evaluation (e.g., number of bugs per week or
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number of hours dedicated to a certain task). The post-questionnaire included
additional questions about employee satisfaction as well as improvement of
work performance at individual and collaborative level.
4.10.2. Results
Following the levels of the toolbox, we report the results according to the four
levels of Kirkpatrick and Kirkpatrick [2006].
Reaction and Usage
The participants used the MoodMap App on 48 consecutive days. Except for 
12 days during which the app was not used at all (corresponding to days off), 
on average 10 hours and 32 minutes (SD = 0.129) lie between the first and 
the last logged event of every day. During that period, users were entering 
the MoodMap App repeatedly and using the different available features. A 
total of 2,250 moods were captured by the 35 participants during the usage 
of the MoodMap App. On average, users captured 64.29 moods (SD = 33.27) 
during the whole evaluation period, ranging between 12 and 143 moods per 
user. Considering the moods captured in each department, on average 41.50 
(SD = 39.71) moods were captured in Department Am (N = 4), 38.75 (SD = 21.20) 
in Department Co (N = 4), 59.17 (SD = 29.17) in Department Qu (N = 6), 79.20 
(SD = 38.62) in Department Pm (N = 5), and 73.63 (SD = 30.54) in Department 
Sv (N = 16). These results show that participants of the departments Pm and 
Sv captured an average of approximately twice as many moods per member 
than any of the other three departments. Regarding the notes attached to the 
moods, a total of 226 non-empty notes were captured by the users and served 
as annotation for their affective states. The contextualization of moods was not 
used regularly, as only a total of 31 contexts were captured by all participants.
Table 4.20 contains the distribution (absolute numbers) of captured moods, notes
and context for each department that participated in the evaluation.
All 35 participants who were registered in the MoodMap App used the app 
during their working shift and used the main features of the app a total of 
1767 times. Each of these users had an average of 50.49 interactions with the 
application (SD = 101.56) during the whole evaluation period. Such a high 
standard deviation also shows that the usage of the app was very polarized; 
having users who were very active, whereas others hardly used the app. Fig-
ure 4.31 shows the average usage of the main visualizations of the MoodMap 
App. The three features that were most used were the Capture Mood, Timeline, 
and Compare Me visualizations. This was also confirmed by the interviews and
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the questionnaires. The preferred visualization for the users was the Compare Me
visualization, where employees could compare their own mood with the mood
of their colleagues. This confirms the results obtained in the first summative
evaluation (see Section 4.9); i.e., comparing themselves to the team in a quick
and intuitive way is supportive and useful, both in terms of creating curiosity
in the users as well as allowing users to detect discrepancies that can initiate a
reflective process.
Table4.20.:Absolutenumbersofmoods,notes,andcontextcapturedbyeachdepartment
Team N No.
Moods
Avg.
Moods
No.
Notes
Avg.
Notes
No.
Context
Avg.
Context
Dept.Am 4 166 41.50 11 2.75 0 0.00
Dept.Co 4 155 38.75 43 10.75 4 1.00
Dept.Qu 6 355 59.17 32 5.33 2 0.33
Dept.Pm 5 396 79.20 67 13.40 6 1.20
Dept.Sv 16 1178 73.63 73 4.56 19 1.19
Total 35 2250 64.29 226 6.46 31 0.89
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Figure4.31.:UsageofthemainvisualizationsoftheMoodMapApp.Foreachfeature,average
amongallusersisdepicted.
The following mean scores were all rated on a 5-point Likert Scale (strongly 
disagree–strongly agree). Participants stated that they are neutral or slightly 
agree to be satisfied with the MoodMap App (M = 3.24; SD = 0.85). Four depart-
ments mirror the overall mean scores. Only Department Pm was not satisfied 
with the application (M = 2.20; SD = 0.84), although they have captured the
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highest number of moods per participant during this trial. This could be ex-
plained with the fact that they have neither used the available reports in the 
application nor conducted any meetings to reflect on their moods within their 
team to gain explicitly any insights or benefits. Furthermore, many of them 
did a lot of traveling during the evaluation period and seemed to be the ones 
under the most stress. Therefore, they mainly captured their moods and kept 
on working but could not perceive any benefit for themselves. The overall score 
regarding the long-term usage of the MoodMap App during work is rated rather 
neutral (M = 2.94; SD = 1.00). While Department Co agreed to continue using 
the MoodMap App (M = 3.58; SD = 0.32), the other four departments rated the 
long-term usage neutral or slightly disagreed with it.
The future usage of the MoodMap App was rated with an average value of 
M = 2.76 (SD = 1.35). Department Co especially agreed to continue using the 
MoodMap App in the future (M = 4.00; SD = 1.41). The other departments 
Department Am (M = 2.75; SD = 0.96), Department Pm (M = 2.40; SD = 0.89) and 
Department Sv (M = 2.47; SD = 1.36) slightly disagreed with this fact. For all 
values, the standard deviations are rather high; this shows that the participants 
diverge in their opinions regarding the future usage of the app.
A Pearson product-moment correlation coefficient was computed to assess the
relationship between several variables from level 1. Concretely, the number of
captured moods (notes and context), interactions with the application, subjec-
tive usage, self-expressiveness of feelings and social media attitude, as well as
sharing, satisfaction, long term usage, the motivation to reflect alone or in the
team, learning outcomes, change in behavior, and KPIs were investigated.
There was a positive correlation between the number of captured moods and the 
number of interactions with the visualizations in the MoodMap App (r = .489, 
p = .003, N = 34). This analysis reveals that most active users (e.g., the ones 
who visited the visualizations) were also the ones who captured more 
moods. Self-expression of feelings in general and during work clearly 
emerged (r = .710, p < .001, N = 34). This reflects that people who are usually 
comfortable to express themselves do not encounter additional barriers to do 
it at work, and vice versa.
Additionally, we see a strong positive correlation between the motivation to 
reflect on work in general and the opinion that the app helped them deal with 
their emotions (r = .720, p < .001, N = 34). This result indicates that the 
MoodMap App could help them deal with emotions, especially for people 
who are more motivated to reflect on work. A strong positive correlation 
exists between the number of captured moods and the subjective application 
usage (r = .489, p < .001, N = 34). This suggests that users were aware of their 
activities done in the MoodMap App regarding the capturing of moods. 
Participants who were more comfortable with sharing their moods with 
managers also inserted more
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notes in the MoodMap App, as it is shown by the positive correlation between 
these two variables (r = .488, p = .006, N = 30). Finally, we also found a 
positive correlation between moods and notes (r = .395, p = .019, N = 35) and 
notes and context (r = .377, p = .025, N = 35).
The scores of the possible barriers in relation to not having time, not having 
physical space, not having seen any advantage, or not having motivation to 
use the app, were rated with neutral to slight disagreement M = 2.66 (SD = 
0.58) by all departments. The social media attitude; i.e., how likely it is that they 
use social networking platforms (e.g., Facebook, Twitter, LinkedIn, Google+, 
MySpace, etc.), was rated on average with M = 3.50 (SD = 1.08). This means that 
they slightly agreed to use such platforms and that the social media attitude is 
mostly not a barrier to use the MoodMap App. While four of the departments 
mirror the average score, Department Co rated this item with M = 4.50 (SD = 
0.58). This shows that the participants of Department Co strongly agree to use 
social networking platforms.
In contrast, the social privacy concerns (evaluated with a 4-point Likert scale: 
not at all–high) are rated with M = 2.68 (SD = 1.17). This shows that the par-
ticipants are only from a little to somewhat concerned about their privacy on 
social networking sites in general, which is therefore not seen as a major bar-
rier to use the MoodMap App. Department Qu and Department Sv are more 
concerned about their privacy than the other three departments. Department 
Cu is least concerned regarding privacy, which again matches with their overall 
social media attitude. Regarding the self-expression of feelings in general and 
during work, the participants rated it neutral or slightly agreed that they feel 
comfortable with this fact (M = 3.41; SD = 0.84). While Department Co rated the 
self-expression very high, Department Pm rated it rather low. The other three 
departments stated their self-expression rather neutral. Sharing of emotions with 
managers or department members was rated with M = 3.53 (SD = 0.86), which 
means that sharing of individual moods was not seen as a significant problem. 
In this case, the average value represents the scores for all five departments.
Additionally, the participants mentioned several situations when they would
share their moods with their managers; for example, “upon the occurrence of
important working events that make my mood change considerably” or “in the situations
where a manager is able to listen constructively the issues/problems identified in the work
processes.” One manager refused to share his moods at all: “Never. The moods are
extremely personal and depend on thousands of factors. I would not want to share it to
work.” Situations where the participants would not share their moods with their
managers encompass mostly non-work related private issues and situations
where users are discontent or dissatisfied with their work. However, the manager
mentioned before did not consider any potential situation for sharing: “Never. It
is not ethical to ask to share the mood in the workplace.”
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From the open questions of the post-questionnaire we received many different
responses regarding the barriers of the MoodMap App usage. This question
was left blank by 26 participants, who did not identify further barriers for usage.
Three of the participants did not see any barriers to use the MoodMap App at all.
Four of the participants mentioned that they have no time to use the MoodMap
App because of urgent and tight timelines. One participant stated that he would
like to have a faster approach to insert his moods; e.g., in form of a widget. And
one participant stated that “the graphical interface is not usable.”
Summarizing the answers of the open question of the post-questionnaire about
the usage of the MoodMap App, we identified ambiguous opinions among
the participants. On the one hand, we obtained several positive statements
which refer mainly to the managers’ perspective and that they could use the
MoodMap App to better support their team; e.g., “To be useful it should be used by
managers to check the mood of its staff and possibly implement appropriate corrective
actions” or “it’s a great project but maybe the effectiveness was a bit limited by the
lack of time to make meetings on the subject.” A participant gave insights on the
general attitude he had experienced: “MMA and the concepts in which it is based are
intelligent. But the Italian culture and mentality, especially in working environments,
do not give any importance to feelings/energy/health/stress of people so the use of MMA
has showed little profit and ’was seen as a waste of time’.” This statement reflects that,
despite the existence of laws dictating that companies have to verify the level
of stress of their employees, this has not been included in their organizational
culture yet. Additionally, we also received some ideas for improvement; e.g.,
“The app should be made much more streamlined and straightforward [...] use a faster
instantiation, maybe a widget on your desktop.” In contrast, there were also some
critical statements regarding the usefulness of the MoodMap App, especially
from one manager: “The objectives of the MoodMap are unrealistic. The idea of
thinking about the one’s own mood is good, but I just consider it inapplicable [...].” He
also mentioned several reasons why users would never state their real mood
into such a tool (e.g., ethical reasons, non-work-related personal bad feeling or
depressions) and questioned what one should do if mood is not optimal: “What
happens if an employee is going through a bad time?”. This fact suggests that the
purpose of supporting reflection with the MoodMap App in order to detect and
improve such situations was not properly transmitted to him.
Learning
The post-questionnaire included nine app-specific questions of the evaluation 
toolbox, eight regular questions and one control question. Figure 4.32 presents 
the mean ratings (from 5-point Likert scales) of the app-specific reflection ques-
tions. The overall average M = 2.86 (SD = 0.80) shows that the participants were
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neutral, that the application has potential to initiate reflection by capturing data
relevant for reflection and visualizing data to reconstruct working experiences
as well as capturing learning outcomes. While Department Pm disagreed that
the application has potential to initiate reflection, the other four departments
answered this question neutrally. These ratings are also very interesting with
regard to the application usage and how many moods per participant and de-
partment were captured during the whole evaluation period. The results show
that departments having captured fewer moods slightly agreed that the appli-
cation has potential to trigger reflective learning; departments with higher app
usage stated the opposite. These results are also aligned with the insights gained
from the interviews: especially the managers did not use the application for
other purposes than for capturing moods. Therefore, they could not exploit the
capacity of the different visualizations regarding reflective learning about their
own moods nor on the moods of their department. Furthermore, they did not
include the application in their meetings, so in those situations the potential to
trigger reflection was also missed.
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Figure4.32.:Meanratingoftheapplicationspecificreflectionquestionsperdepartment
All eight items were on average rated neutrally covering mean values between 
2.71 and 3.29. Department Co with an average of M = 4.50 (SD = 1.67) strongly 
agreed to become aware of their own mood and also stated to become more 
aware of their colleagues mood with a M = 4.00 (SD = 1.17).
Regarding the identification of significant situations, significant mood changes 
or topics worth reflecting upon, it was positively rated by Department Am 
with M = 3.42 (SD = 0.42) and Department Co with M = 3.58 (SD = 0.89) and 
negatively rated by Department Pm with M = 2.27 (SD = 0.89). In addition,
145
4. Use Case I: Emotions in the Telecommunications and IT Sector
only Department Am agreed that the MoodMap App guided them to reserve 
space for reflection (M = 3.50; SD = 0.58). Department Am agreed with the 
MoodMap App helping them to gain a better understanding of the department 
and its members (M = 3.75; SD = 0.50), but Department Pm disagreed with this 
fact (M = 2.00; SD = 0.71). Only Department Am with an average of M = 3.58 
(SD = 0.79) agreed that the app helped them to better understand their 
emotions, how their emotions affect their work, or to deal better with their 
emotions. The other departments remained neutral with respect to this fact. 
That the capturing of moods during their daily work is useful to reflect on 
and think about their work performance was confirmed by Department Am 
(M = 3.75; SD = 0.50) and Department Co (M = 3.75; SD = 1.41).
Participants were asked to capture their mood during the day. The usefulness 
of capturing the mood at the beginning of the day was rated with M = 3.50 
(SD = 1.05), in the middle of the day with M = 3.62 (SD = 1.10), and at the end of 
the day with M = 3.59 (SD = 1.10). Regarding further situations in which it was 
useful to capture a mood, the responses range from during or after meetings 
until stressful situations, including “moments of tension” or “during/after the 
execution of tasks that require concentration and accuracy”, and in phases where 
the user was feeling particular fatigue or tiredness.
The defined coding scheme for reflective content [Prilla and Renner, 2014] was
used to analyze the content of the 225 notes. Each note could be assigned to more
than one category. 208 notes could be identified as individual reflective items
while the remaining 17 notes had non-reflective content. Beside the categories
defined in the reflection coding scheme, a new category “Category 2ap” was
included. This is a subcategory of “Category 2a” (own emotions) and represents
the expression of physical condition (e.g., pain, illness) related to own emotions.
Figure 4.33 shows the total number of notes which were assigned to each ca-
tegory. The categorization resulted in: 168 notes classified as experiences or
issue/problem report, 54 notes referring to the expression of own emotions, 18
as expression of physical condition, 0 as containing emotions of customers, and
finally 14 as interpretation and justification of actions taken during work.
The Short Reflection Scale (SRS) was evaluated for those participants who 
have filled in both questionnaires (N = 32). We found no significant differences 
between the pre-questionnaire (M = 3.78; SD = 0.40) and post-questionnaire 
(M = 3.72; SD = 0.46) mean ratings for the SRS. A two-way ANOVA with the 
factors time (pre- vs. post-questionnaire) and type of reflection (individual vs. 
team) revealed no effect of time but a significant effect of reflection type (df = 1 
[31], F = 60.52, p < .001). Post-hoc related t-tests show that individual reflec-
tion scores are significantly higher than team reflection scores at both times 
(pre-/post-questionnaires: t[31]=6.2/5.7, both p < .001).
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Figure4.33.:Number of notes per each reflection category according to the Reflection
Coding Scheme
Several variables from level 1 (reaction and usage) and level 2 (learning) correlate
regarding the long-term usage in general. The long-term usage covers questions
with regard to the long-term advantage of using the application (long-term 1),
the wish to continue the usage of the app as part of the work-life (long-term
2) and to the practicality of continued use of the application during work-life
(long-term 3). Sharing of moods with managers positively correlates with all
long-term variables which indicate that following moods over a longer period
of time might positively influence the collaboration between managers and
employees. The motivation to reflect on work in general as well as to deal
better with emotions are also increased by a longer usage of the MoodMap App.
Additionally, recommending the app to others would increase if it is used longer
and more clear insights and benefits are gained on an individual level. These
correlations confirm our second hypothesis, that these four factors influence
the long-term usage of the MoodMap App. Table 4.21 presents the detailed
correlations.
A moderate positive correlation between the users’ satisfaction with the appli-
cation and seeing the long-term advantage of using the application was also 
found (r = .494, p = .003, N =34). With regard to the user’s satisfaction with the 
application we also saw a strong positive correlation to the motivation to reflect 
on work in general (r = .729, p < .001, N = 34), to deal with emotions (r = .592, 
p < .001, N = 34) and the recommendation of the application to others (r = .704, 
p < .001, N = 34).
The learning outcomes stated within the post-questionnaire (N = 34) were seen 
as nearly neutral to slightly disagree (M = 2.66; SD = 0.95); i.e., participants were
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not in agreement whether they gained a deeper understanding of their work life 
and what to change about their work behavior, with or without regard to their 
work within their department. While four of the departments mirror the average 
values, Department Pm with an average of M = 2.10 (SD = 0.89) clearly stated 
that they did not perceive any deeper understanding of their work life or did not 
consciously make a decision about how to behave in the future. The analysis of 
the open questions from the post-questionnaire provided few more details about 
their understanding of their work life and their conscious decisions of what to 
change in the future. Only two to four participants answered the open questions 
regarding their learning outcomes. Regarding the conscious decision of what to 
change in future, one participant stated to “focus/concentrate on a certain working 
outcome”, while a manager mentioned that he will “give a greater attention to the 
mood of the staff in my team.” With respect to getting a deeper understanding of the 
own work life, one participant stated to care about “appropriate moments in which 
to take a break.” Other participants gained a deeper understanding about the 
“importance and influence of encouragement from the team of colleagues and especially 
their superiors (managers)” and “in the management of the business in relation to the 
moods, especially in times of stress.”
Table4.21.:Correlationbetweenlong-termusageandsharing,motivatingtoreflect,dealing
withemotionsandloyaltymetric(N  =  34)
long-term
advantage
(LT1)
continued
usage
(LT2)
practicality
during work-life
(LT3)
sharing r = .605, p < .001 r = .702, p < .001 r = .590, p = .001
motivation to reflect r = .464, p = .006 r = .507,p = .002 r = .467, p = .005
dealing with emotions r = .647, p < .001 r = .566, p < .001 r = .516, p = .002
loyalty metric r = .711, p < .001 r = .645, p < .001 r = .488, p = .003
Behavior Change
Behavioral change (through question CB113) was rated by the participants with 
an average of M = 2.53 (SD = 1.02), which implies that the participants tend to 
slightly disagree that the MoodMap App helped them to improve their work. 
Department Pm strongly disagreed (M = 1.60; SD = 0.89) that the MoodMap 
App has helped them to improve their work, while the other four departments 
(Am, Co, Qu, and Sv) represent the average score mentioned above. The post-
questionnaire only confirmed that they have not noticed any improvements
13 CB1: “The MoodMap App helped me to improve my work performance.”
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regarding their work. A Pearson product-moment correlation coefficient was
computed to assess the relationship between the variables from level 2 (learning)
and 3 (behavior change). As shown in Table 4.22, strong positive correlations
were found between making a conscious decisions of how to behave in the
future (CL114), gaining a deeper understanding of the work life (CL215), the
improvement of work performance (CB113) and level 1 variables like the user’s
satisfaction with the application, the long-term advantages, the motivation to
reflect on work, better dealing with emotions and the recommendation of the
application to a colleague (loyalty metric).
Table4.22.:Correlation between variables from levels 2 (learning) and 3 (behavior
change) (N = 34)
CL1 CL2 CB1
satisfaction r = .613* r = .524* r = .685*
long-term advantage (LT1) r = .619* r = .718* r = .526*
continued usage (LT2) r = .569* r = .737* r = .572*
practicality during work (LT3) r = .487
p = .003
r = .736* r = .457*
p = .007
motivation to reflect r = .665* r = .669* r = .754*
deal with emotions r = .809* r = .773* r = .775*
loyalty metric r = .659* r = .608* r = .679*
*Significant at p < .001
Additionally to the feedback gathered with the questionnaires, gained insights
and behavioral changes were also collected through several interviews. Seven
interviews were conducted with the following participants: the manager of the
Department Am, the manager and one of the two staff members (who coordi-
nated this evaluation from Regola’s side) from the Department Pm, two staff
members from the Department Co, one staff member from the Department Am,
and another staff member from the Department Sv. Below some representative
statements of the conducted interviews are presented.
Generally, the feedback from managers and staff was very positive, as it is shown
for example in the following statement from a manager: “It was an interesting
experience as a user because in a way it is my company that becomes interested in my
work. They try to be aware of my goals during my work activities and I think that it is
a really positive thing....” Further statements from the staff showed the positive
14 CL1: “After using the MoodMap App, I made a conscious decision about how to behave
in the future.”
15 CL2: “After using the MoodMap App, I gained a deeper understanding of my work life.”
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experience: “Yes, it is a positive experience... I think it was a useful tool to access this
state of mind at any given time of the day and particularly during work and activity”
or “I thought that the usage of the MoodMap App could help and support the entire
company and team work.”
An interview with one of the three persons who were responsible for introducing
the MoodMap App at Regola provided very important insights regarding the
preparation and conduction of such an evaluation. For him it was very difficult
to convince the employees to use the MoodMap App on a regular basis, but
he still sees a clear benefit the MoodMap App could have for a company like
Regola: “Managers push you and they want you to finish on time. Usually they don’t
ask you if you are stressed, you are happy or in a good mood and low energy. I must
say it is very positive that maybe someone now, I hope that our managers thinks about
that also and not about only finishing the work and so. Because I think that if the staff is
happy and working well the work is finished in time....” Some of the participants also
perceived a clear benefit or insight for themselves; e.g., “to express my feelings and
in general and at work—it is possible that the MoodMap App helped me in this regard
for activities with my colleagues or my team activities in general” or “I am a person
who is very angry after a meeting. I used to go happy to the meeting and feel angry
afterwards. The MoodMap App allowed me to have a look—how can I switch my mood
directly after the meeting.” On the other hand, limitations were also mentioned
about how to get something relevant out of the captured data: “I collected a lot of
data information and my trend. I had learned something more on my approach to the
work. But then... maybe I did not realize it or I am still missing something that triggers
and makes me shine on new perspectives.”
Work Outcomes
In order to detect differences between the situation before and after the usage
period, we asked participants in both questionnaires (pre-test and post-test)
about their job satisfaction and the impact of reflection on their job. Regola could
not provide KPIs from their organization. Therefore, data regarding team specific
KPIs were planned to be collected through the questionnaires, but the data
from the post-questionnaire could not be obtained due to a technical problem.
Consequently, a comparison with the KPIs collected before the evaluation period
was not possible. Further alternatives to collect this data were not possible;
therefore, we focus our results on the job satisfaction, and the work improvement
on an individual as well as team level, which were collected in the pre- and
post-questionnaires.
Participants’ rating about job satisfaction improved during the app usage, from 
an average of M = 3.31 (SD = 1.34) to M = 3.79 (SD = 1.08). Participants were
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also asked whether reflecting on how they feel could both individually and col-
laboratively help them to improve their work performance. Expectation before 
the evaluation (“Reflecting on how I feel could help me to improve my work 
performance.”) was compared with the actual experience during the evaluation 
(“Reflecting on how I feel improved my work performance.”). The comparison 
of the average values (pre: M = 3.52; SD = 0.74 and post: M = 3.28; SD = 0.92) 
shows that participants were slightly less confident after the evaluation regard-
ing reflection on own individual work. This was also the case with reflection 
and discussion on their moods getting to improve their team performance (pre: 
M = 3.76; SD = 0.64 and post: M = 3.14 ; SD = 0.83).
As mentioned above, the average job satisfaction improved after the evaluation. 
Therefore, job satisfaction at department level was analyzed. Figure 4.34 below 
shows the average work satisfaction of each department, before and after the 
app usage. All departments except for Department Qu reported an improvement 
of their work satisfaction. Results show an increase in the average satisfaction 
value as well as a decrease of the standard deviation for each department (see 
Figure 4.34). Department Qu has shown a very low satisfaction both before 
(M = 2.25; SD = 1.71) and after the evaluation (M = 2.00; SD = 1.41).
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Figure4.34.: Jobsatisfactionofeachdepartmentobtainedinthequestionnairesbeforeand
aftertheusageoftheMoodMapApp
Average rating the question regarding individual reflection on how an individual
feels helps to improve his or her work performance slightly varied among de-
partments (see Figure 4.35). Whereas the agreement on this question decreased
in four teams (Am, Co, Pm and Sv), it was increased in the case of the Depart-
ment Qu. Interviews with members of the different departments indicated that
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especially this Department understood how reflecting on emotions can improve
work and in which way the MoodMap App could support it. We can also derive
from the interviews that the remarkable decrease in Department Pm (formed
by the project managers in Production) may be related to the lack of time for
usage as well as the attitude that most of the managers adopted with respect to
considering emotions at work. This fact is later discussed in further detail.
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Figure4.35.:Subjectiveimpactofindividualreflectiononworkimprovementperdepartment
beforeandaftertheusageperiod
The results of the loyalty metrics (N = 34) look as follows: 3% are promoters, 
26% are passives and 69% are detractors. That implies a computed Net Promoter 
Score (NPS) of -68%. This low score reflects the difficulties experienced at Regola 
to introduce the MoodMap App as a support for reflective learning.
A Pearson product-moment correlation coefficient was computed to assess the 
relationship between the variables from level 4 and variables from other levels, 
which may have had an impact on the subjective KPIs. KPI 1 representing the 
satisfaction with one’s own work was not correlated with any of the variables 
investigated below, however, this was the case for the KPIs related to the impact 
of reflection on work (post-questionnaire answers).
There are positive correlations between KPI 2 (reflecting on own feelings helps 
to improve work) and both, expression of feelings in general (r = .464, p = .007, 
N = 33) and expression of feelings at work (r = .684, p < .000, N = 33). This fact 
shows that there is a strong influence of self-expressiveness of the participants 
and their trust on reflection to improve their work performance. A significant 
moderate positive correlation between two of the subjective post-questionnaire 
values of the KPIs and the average value of the app-specific questions was found.
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The belief that reflecting on how one feels helps to improve work (KPI 2) has a 
moderate correlation with the app-specific mean (r = .505, p = .003, N = 33). This 
is also the case for reflection and discussion on their moods getting to improve 
their team performance in relation to the app-specific mean (r = .499, p = .003, 
N = 33). By calculating the correlations between the KPIs and the variables from 
levels 2 and 3, we can investigate the Hypothesis 3, that people who learned 
due to the usage of the MoodMap App and also changed their behavior thanks 
to it also rated the KPIs with a higher value. This hypothesis was confirmed, as 
shown in the following Table 4.23. Both KPIs’ improvement, individual work 
performance and team work performance, correlate positively with questions 
on making a conscious decision about how to behave in future (CL1), gaining a 
deeper understanding of one’s own work life (CL2) and improving one’s own 
work performance (CB1).
Table4.23.:Correlationbetweenpost-valuesoftheKPIsandvariablesfromlevels2(learning)
and3(behaviorchange)(N = 33)
CL1 CL2 CB1
KPI2 r  =.488,p  =.004 r  =.360,p  =.040 r  =.588,p<.001
KPI3 r  =.456,p  =.008 r  =.407,p  =.019 r  =.583,p<.001
Strong and moderate correlations were also found with variables that had an
influence on the app usage and the reflection on the data. These variables include
the satisfaction with the MoodMap App (App satisfaction), the motivation to
reflect on work in general (Motivation to reflect), and the belief, that the app
helped them collaboratively to deal with their emotions (Dealing with emotions).
Table 4.24 shows an overview of these correlations.
Table4.24.:Correlationbetweenpost-valuesoftheKPIsandappsatisfaction,motivationto
reflect,helptodealwithemotionsandloyaltymetric(N = 33)
App
Satisfaction
Motivation to
Reflect
Dealing with
Emotions
Loyalty Metric
KPI2 r  =.698,p<.001 r  =.480,p  =.005 r  =.452,p  =.008 r  =.721,p<.001
KPI3 r  =.589,p<.001 r  =.602,p<.001 r  =.507,p  =.003 r  =.573,p<.001
Finally, the loyalty metric has a strong and moderate correlation respectively
with the KPIs referring to the impact of reflection on work.
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4.10.3. Discussion
The employees of all departments declared that their job was very stressful and
that they had to meet many project deadlines during that period. Nevertheless,
a high number of moods were captured during their working days, but they
had nearly no time and/or space to reflect on the captured data. Therefore, on
the one hand, they did not see a real benefit for themselves but, on the other
hand, it was not mentioned after the evaluation that the capturing of moods was
seen as a “waste of time” (as one participant had in the expectations asked in
the pre-questionnaire).
As part of the evaluation, very short meetings with the corresponding managers
were planned in order to find out how mood or particular things according to
the results of the MoodMap App could be improved. However, these meetings
to conduct reflection sessions about the captured moods with their managers or
within the team could not be scheduled. Such planned sessions with the project
responsible would have shown the managers how to deal with the captured data
and might have given them some insights regarding their whole team or single
team managers. From the managers’ side, the staff members did not receive any
feedback nor did the managers take any direct actions with regard to their team
members. This could also be explained with the fact that the managers had no
time to deal with the moods of their team members and to try out the whole
functionality of the MoodMap App, because this would have increased their
work load again in the end.
One of the main barriers for adoption was the fear of stating their mood honestly,
as it may affect their working position in the company. This suggests that it is
important to convince the participants that the goal of the application is not
to use the data inserted against them, but in their favor. Such a conviction is
only possible if the managers, as well as the organization, are committed to such
principles. Another factor that may have influenced the usage of the application
is the low number of members that some departments had. From the experience
gained in other evaluations, bigger teams see an additional advantage when the
manager can attend to each member individually and the MoodMap App can
help raise awareness. However, in the case of Regola, having small teams may
have led to perceived intent of control instead of support. The company decided
themselves that the structure of the company should be respected and therefore
participants were divided in teams according to their departments. To avoid
that the size of the teams affected the anonymity and appearance of control,
an alternative team structure to aggregate moods and annotations should be
discussed.
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Regarding the MoodMap App features, the participants were very satisfied with
it and they had no technical problems at all. They stated that the capturing
of moods was very easy and they thought the application was complete. The
favorite visualization was the Compare Me View, because there they could directly
compare their mood to the mood of the whole department at one glance. The user
prompts were sometimes ignored, but most of the times they were mentioned
as very positive and useful.
Besides having captured 2,250 moods, participants only introduced 225 notes,
207 of which were categorized as reflective items. The analysis revealed that only
14 of these notes achieved category 3, where the learner interprets or justifies
an action. Therefore, the evidence for reflection while capturing their moods,
by immediately identifying the cause of it or relationship to work tasks, was
considerably low.
The whole summative evaluation was conducted in a time when Regola was in
a very busy period (e.g., a lot of hard project deadlines fell into the trial period)
which adds additional challenges to the introduction of a new application. The
introduction of the evaluation was organized within a one hour lasting workshop
for all employees together. After the evaluation, the project managers on site
mentioned that it would have been much better to organize different meetings
with each single department in order to give a more detailed and better suited
introduction for the corresponding participants and their job roles, by both
analyzing their work processes and embedding the MoodMap App on them.
Additionally, they might have also given support on how to reflect on the data
and how they could derive some benefits or insights for themselves. We see this
as one of the major lessons learned for the introduction of reflection tools in an
organizational setting. It is of crucial relevance to prepare the introduction of
the application very well, to show all participants a clear benefit and accompany
all departments during the whole evaluation process. This is necessary to guide
them to include reflection on their working processes but also to support them
to gain all benefits of the MoodMap App usage.
Summarizing the progress of the evaluation, participants were very active in
capturing their moods but it seems that the purpose of this capturing was
not understood. Due to diverse constraints, time and space for reflection was
not facilitated although this was part of the evaluation plan and suggested by
the researchers. Consequently, reflection on the data was not fully achieved
as expected. As the usage data reveals, some users who were very active in
capturing moods only visited the visualizations a few times, so they may have
considered the capturing more as a reporting to the company instead of a way
of reflecting on their work.
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4.11. Related Work
Mood has shown its potential to trigger reflection and learning from it, not only
in theory [Boud et al., 1985], but also in practice [Carmichael, 2012; Cousins, 2010].
Mood is in the top five of the most popular items tracked by Q-Selfers [Choe
et al., 2014] and numerous applications for mood tracking exist in the QS16.
Self-tracking of mood is an example in which the benefits of tracking are not
limited to individual behavior but can have an impact at organizational level
too, as affective states can influence a variety of performance-relevant outcomes
including judgments, creativity, helping behavior, and risk-taking [Brief and
Weiss, 2002].
While research has concentrated on identifying the impact of self-tracking at
individual level [McDuff et al., 2012; Morris et al., 2010; Sta˚hl et al., 2009] and
studying how affect is conveyed with technology [Church et al., 2010; De Choud-
hury and Counts, 2013; Huisman et al., 2013], the impact of mood tracking in a
real collaborative work environment has been less considered until now.
Before continuing with the review of related work, we briefly summarize our
statement on terminology regarding affect. There is a vast amount of research on
defining, modeling and measuring emotions in the area of psychology, leading to
numerous different theoretical models of assessing and representing emotional
states [Baumeister et al., 2007; Scherer, 2005; Russell, 1980; Schlosberg, 1954]. The
word ’emotion’ is often applied to a wide variety of phenomena, such as moods,
sentiments, temperament, and passions. Although these words are regularly
used interchangeably, they do in fact refer to specific but different affective states.
In line with existing research, we understand emotions and moods as defined in
the work of Scherer [2005] and Frijda [1994]. Emotions are affective reactions
to an event, typically short-lived and directed at a specific object or event. The
differences between emotions and moods are that emotions are less diffuse
and have a clear cause or object, are shorter in duration (seconds to minutes)
and more focused and intense [Frijda, 1994]. Scherer [2005] defines moods as
“diffuse affect states, characterized by a relative enduring predominance of certain types
of subjective feelings that affect the experience and behavior of a person.” Emotions can
contribute or influence the mood of an individual, whereas moods tend to affect
which emotions are experienced [Brave and Nass, 2003].
More recent work has been done on the relationship between emotional com-
ponents and mood, as well as the relation between behavior and emotions.
Baumeister et al. [2007] present an emotional theory consisting of feedback
and retrospective appraisal of past situations, which leads to a model on how
emotions shape behaviors including reflection and learning through reflection.
16 E.g., http://www.moodjam.com, http://www.moodscope.com
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Other approaches of how affect can be conceptualized and objectively used for
measurement can be found in Russell [1980], which is also the basis for the mood
representation in our own MoodMap App (see also Section 4.2).
4.11.1. Tracking and Representing Mood
Latest work includes using technology for tracking emotions through user-
initiated approaches. For example, Church et al. [2010] have studied how mood
changes the working behavior when using a PC and what its effect is on group
communication.
In Gay et al. [2011], a user study is conducted on Aurora, a mobile phone-based
emotion sharing and recording system, which was applied in various health
settings to use emotions for getting a better outcome (e.g., weight reduction,
alcohol cessation). A mobile emotional messaging system named eMoto was
developed to send messages combined with emotions [Sundstro¨m et al., 2007].
In this approach, a special type of sensor captures emotion-related gestures and
renders the background of the SMS in the fitting color.
In order to investigate the potential of a mobile phone application to extend
access to cognitive behavioral therapy techniques, Morris et al. [2010] developed
an application for emotional self-awareness based on illuminating data trends
and self-regulation through certain interventions offered by the application.
Another mobile sensing platform for social psychology studies is Emotion-
Sense [Rachuri et al., 2010], which deals with individual emotions, activities and
verbal/proximity interactions.
In summary, the main difference with our work is that these approaches have
focused their investigation on a human-computer interaction perspective and
have mainly studied how moods can be represented and communicated. In our
work, we based the representation of moods in established theories provided
by psychological research and concentrated on studying the impact of mood
tracking on self-reflection.
4.11.2. Automatically Detecting Mood
Conscious of the vast amount of HCI research on emotion recognition/estimation
(which is not our goal), we concentrate here on discussing work on the rela-
tionship between emotions and work behavior. On the other hand, there are
approaches for automatically detecting emotions. An approach to collect data
about the emotional states of users in everyday life was done in Healey et al.
[2010]. They used different sensors to capture the emotional state, namely a heart
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rate sensor and a galvanic skin response sensor. Additionally, they asked par-
ticipants to log their affective states (with a mood map based on Russell [1980])
and add corresponding annotations. Putting the captured mood in connection
to the sensor data, they were able to recognize high and low as well as positive
and negative emotions in real life settings. Based on the two-dimensional map
of Russell [1980], Kaiser and Oertel [2006] enhanced an e-learning system with
a sensor system to capture emotions. The major goal was to support users in
handling situations, when they were in a bad mood during learning.
Not directly moods, but cues about how people are feeling or behaving in certain
work situations have been captured and analyzed. In [Byun et al., 2011], a sys-
tem to sense and analyze “honest signals” was developed and experimentally
evaluated in 1–1 conferences where participants played several roles in conver-
sations of several types (e.g., negotiation or brainstorming). Their results show
that non-verbal signals could be accurately assessed and that users found the
feedback valuable for modulating their video conference conversation. The work
of DiMicco [2005] has demonstrated that visualization of the amount of time
attendees are talking during a meeting influences people’s behavior too. While
these are automatic methods to recognize moods and emotions, our approach is
deliberately based on manual self-tracking. On the one hand, automatic methods
lower the tracking effort, can raise awareness, and influence behavior. But on the
other hand, reflection requires the cognitive focus to analyze and understand
the data. Therefore, we see the manual mood capturing itself as a reflection
opportunity.
4.11.3. Research on Mood at Work
All these approaches address mood awareness and self-regulation for mood
improvement mainly in Human Computer Interaction (HCI) context and in
the health sector. Nonetheless, some work has been conducted in work-related
settings, but none of the encountered approaches considers mood awareness to
promote reflective learning and improve future experiences.
The relationship between work routines and how they influence mood has
gained some attention; e.g., Matic et al. [2010] monitored parameters like lo-
calization, sound, or speech to uncover correlations with mood states assessed
through two rating scales (POMS17 and PANAS18). In their study, online versions
of the questionnaires were used and no further interfaces for mood assessment
17 The Short Form of the Profile of Mood States (POMS-SF) is a multi-dimensional mood scale to
assess psychological distress through a 37-item questionnaire [Curran et al., 1995]
18 The International Positive and Negative Affectivity Schedule (PANAS) Short Form is a cross-
culturally validated measure of emotional states proposed by Thompson [2007], which consists
of two independent 5-item adjectival rating scales.
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were designed. In [Mu¨ller et al., 2011b], the authors describe a study with nurses
and physicians of a stroke unit who were equipped with a wearable electrocar-
diography (ECG) and acceleration sensor during their everyday work in order
to make them aware of stress and support the recalling of experiences to iden-
tify stressors. Finally, in Saari et al. [2008], a mobile application for facilitating
emotional awareness in knowledge work teams is described. This application is
a prototype that gathers emotional, social and informal information on a group
of knowledge workers to improve their group performance, but it has not been
tested in a real work setting.
Dullemond et al. [2013] investigated a microblogging and mood sharing system
to facilitate knowledge sharing in distributed organizations and showed that
members of software development teams feel more connected to each other
when they are able to share activities and moods. The relationship between
affect and different types of communication have also come under examination.
In [De Choudhury and Counts, 2013], social media has been used to understand
the mood of employees in organizations; e.g., to assess employees’ reaction to
important organizational changes. In [Mark et al., 2014], an in situ study of the
comparison of online and face-to-face interactions regarding how they have an
effect on people’s mood in a work environment is described.
In conclusion, though mood self-tracking has been investigated in many lab
settings or with knowledge workers, to our knowledge no study has examined
the impact of introducing mood self-tracking in a real work environment. In our
work, we combine aspects of individual mood tracking and awareness of own
mood with the collaborative aspects of mood sharing and awareness of others’
mood to investigate reflection in work settings. Through this combination, new
possibilities such as using the team mood as baseline for “assessing” own mood
become possible.
4.12. Conclusions
Our studies with the MoodMap App have shown the benefits of mood self-
tracking and have provided valuable insights on its introduction and adaptation
to diverse work settings. The first trial allowed us to explore different tracking
and visualizing interfaces, and served as driver towards the development of the
first MoodMap App prototype. With the first formative evaluation in virtual
meetings we were able to assess the feasibility of the whole approach and
explore its benefits for work settings lacking non-verbal communication. The
first results obtained from this evaluation as well as the insights gained in the
subsequent design study drove the development of the second prototype of
the app. We could evaluate the benefits and socio-technical challenges in a real
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work environment as well as assess the requirements that the app should fulfill
to be used, not only in virtual meetings, but also in a call taker setting and a
software development company. The final summative evaluations delivered
valued insights on the benefits of mood tracking and the practices of users to
embed it at the workplace. Additionally, taking into consideration the results
from both summative studies we could identify what are major barriers for
adoption and use in each of the targeted work settings.
In order to answer our research questions RQ2 and RQ3 (see Section 1.2), we
investigated which visualization techniques foster reflection as well as which
motivation techniques obtain better results. Results show that by using a self-
reported approach as in the MoodMap App, users make sense of the data when
collecting it. This is an important step towards embedding reflection in work
processes, as time to review the gathered data is neither available nor provided.
This retrospective review of the data would be the lone possibility for users if
the considered approach would have been based on automatic methods (e.g., a
hardware sensor). Additional efforts required from a self-reporting approach
did not affect the adoption and integration of the MoodMap App. The results
from all conducted studies have additionally highlighted the easy-to-use data
gathering approach.
Implementing active prompting at capturing stage to explicitly ask users what
activity they have been doing proved to (i) immediately trigger reflection on
the relationship between their feelings and the work task, and (ii) facilitate the
link to work processes that helps to reconstruct past experiences in retrospect.
These results obtained in the first summative evaluation at the call center were
contrasted with the experience gained in the second evaluation at the software
company. In the later use case, this explicit link to work processes was left to
optional personal free notes. Therefore, a lower number of notes with work
context were achieved and this fact resulted in a lower evidence of reflection
taking place.
Moreover, the interviews with participants of the summative evaluations re-
vealed that mood self-tracking can achieve improvements in the communication
channels within the teams and awareness of the mood of their colleagues. These
collaborative aspects are crucial for the long-term usage of the app. More than
50% of the participants in the call center made reference to collaboration, be it if
managers and coaches attach importance to the usage of the MoodMap App,
or if their colleagues do it. Therefore, future applications should exploit this
cohesion in teams and ensure that further benefits are provided at team level,
not only for the individuals.
With respect to RQ4; i.e., which improvements can be achieved by learning on
mood and work data, we could observe that participants at the call center made
small changes in their behavior; e.g., talking to customers in another manner or
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introducing a break in their working routine. Improvements were achieved also
at interpersonal level, as mood tracking positively affected the communication
between managers and call takers in the call center. Feedback of call takers re-
vealed that the app allowed them to vent and to quickly communicate problems
to their manager when they had no immediate solution on their own and needed
further support. As described above, a call taker’s mood triggered a change in
the manager’s communication patterns and ultimately led to improvements in
the employee’s work performance. However, as shown in our last summative
evaluation, the lack of tangible changes at management and team level can lead
to a sense of controlling.
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5. Use Case II: Reflecting on
Emotions in Trading
In the previous use case, the measurement of the outcomes of reflection trans-
ferred to changes in behavior and work performance has proven to be challeng-
ing, especially in real work environments. Therefore, in order to measure the
impact of reflection in a controlled environment, we designed an experiment
to evaluate mood tracking in an experimental asset market. Extensive research
on markets and trading has shown that mood and emotions as well as their
regulation play a central role in traders’ decision processes [Fenton-O’Creevy
et al., 2011]. In a laboratory experiment consisting of an asset market, an adap-
tation of the MoodMap App which allows capturing and reflecting on mood
was designed and evaluated. This study was motivated by the fact that an ex-
perimental asset market offers a controlled environment, where the quality of
the work performed by the participants can be linked to the creation of price
bubbles and therefore it becomes measurable. Parts of this chapter have been
included in Rivera-Pelayo et al. [2015].
5.1. Work Context, Requirements and Challenges
Financial decisions of traders and investors can be affected by their emotional
states [Cohen et al., 2008]. Therefore, learning approaches to increase emotional
awareness and regulation play an important role to improve financial decision
performance.
The first approaches to experimental market bubbles go back to the late twentieth
century, when Vernon L. Smith and his team of researchers analyzed investors’
dividend expectations in stock markets [Smith et al., 1988]. Among a variety of
experiments to explore the functionality of markets, they analyzed experimental
spot asset markets, which are used to investigate the behavior of participants
in the context of market decisions. One of their major research objectives was
to detect which factors are influencing the decision-making process and choice
behavior of individuals. In the former experiments of Smith, it was observed
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that asset prices rise and fall like in real markets. Moreover, market bubbles
appeared and burst during the experiments.
This development of market bubbles is similar to rare events in the real market.
Many varied experiments have shown that the formation and development of
market bubbles depends on different factors, such as the experience or liquidity
of traders, or the novelty of the environment. Further factors which can influence
the development of market bubbles are emotions. There is sample evidence that
the decision-making process is not only affected by subjects’ experiences, but
also by emotions or the mood state of a subject [Cohen et al., 2008]. Markets are
well known for eliciting high levels of emotions in a setup where participants
have to put their decision-making skills in practice [Cetina and Preda, 2005].
As Fenton-O’Creevy et al. [2011] conclude in their qualitative investigation of the
influence of emotions on the decision-making of traders in four City of London
investment banks, emotions and their regulation play a central role in traders’
decisions.
In experimental asset markets, there have already been some investigations on
the effect of mood and the development of price bubbles [Andrade et al., 2012;
Gross and Levenson, 1995]. However, research shows that until now, traders’
response was mainly assessed through questionnaires or by measuring physi-
ological response [Astor et al., 2011, 2013; Hariharan et al., 2013]. Most of the
scientific market experiments from the literature investigated the effects of dif-
ferent market conditions, such as dividend structure, buying on margin, or the
possibility of short selling. They have been also investigated to figure out if
a modification of subjects’ characteristics is a triggering market bubble factor.
Some studies investigated the influence of induced mood or the changed risk-
perception by presenting missed profits on a market bubble.
However, the mood development of subjects and its potential to support reflec-
tive learning processes has not been investigated yet. None of the many research
studies investigated how the mood develops during a market experiment where
a market bubble often arises or how the reflective learning process in interaction
with a mood overview can decrease the magnitude effect of the bubble.
5.2. MoodMarket
The MoodMarket constitutes the adaptation of the MoodMap App (see Sec-
tion 4.2) to the context of asset markets. The interface for capturing mood re-
mains the same, but the type of visualization that is shown to users differs.
Therefore, the two-dimensional mood map with a colored background is used
to capture the mood from users.
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Analogous to the interface used in the MoodMap App, the mood map is based
on the Circumplex Model of Affect by Russell [1980] and its arrangement of
colors refers to Itten’s color system [Itten, 1971]. On the two-dimensional map,
the user can indicate the state of valence from negative to positive and the
current level of arousal from low energy to high energy. In this way, one has the
opportunity to assess the mood numerically, instead of providing discrete choice
options. When the user clicks on a certain area of the mood map, a combination
of the two metrics, arousal and valence, is recorded.
After a certain amount of time, the user can take a look at the recorded data and
review the mood development. A mock-up of the chronological arrangement of
the mood development in each period is shown in Figure 5.1.
Figure5.1.:MoodMarketdevelopment:Mock-upofthepersonalview
The smileys are used to visualize the mood development. The smiley’s appear-
ance, color and size vary according to the user’s captured mood in each period.
The classification of different smileys with respect to the two dimensions of the
mood map is shown in Figure 5.2.
Figure5.2.:Classificationofthesmileysinthemoodmap
Depending on the valence, the sad look on the left side changes to a happy one
on the right side. The smiley’s size increases, according to the level of arousal,
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from small at the bottom of the mood map to a big smiley at the top side. The
color of the smiley is equal to the certain point on the mood map where the user
clicked. The mood map itself is sectioned into different smiley classifications
which are invisible for the mood map user. This serves the purpose of generating
a better overview of the mood development for the subjects and over time. The
metrics are subdivided into five different sections, resulting in 25 sections.
5.2.1. MoodMarket: IMRLQS Support Dimensions
Being a simplification of the MoodMap App, the MoodMarket offers support
for a subset of the IMRLQS dimensions, which are summarized in Table 5.1.
Table5.1.:DimensionsoftheIMRLQSthataresupportedbytheMoodMarket
Support Dimension Characterization MoodMarket
Tracking
Trackingmeans Softwaresensor(web-basedapplication)
Trackedaspects Emotional(mood)
Purposes Increase emotional awareness, improve
trading,reducebubbles
Triggering Active -
Passive Mood timeline(moodineachperiod)
Recalling&Revisiting
Contextualization Historicalcontext(moodineachperiod)
Datafusion Self
Dataanalysis -
Visualization Timelineshowingthemoodoftheuserat
theendofeachperiod
5.2.2. Treatment Design
The experiment is conducted as a double auction asset market following the
implementation of Smith et al. [1988]. Subjects are trading assets in a way that
it is very likely to observe the occurrence and burst of speculative bubbles
during the experiment. The first treatment is strictly following the approach
of Smith et al. [1988] and the second one is complemented with a simplified
version of the MoodMap App. Subjects in the second experiment have to use
the mood map application between the market periods during the experiment.
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Once the experiment is executed, it is possible to determine how the mood
states have influenced the subjects, and if the mood map application has led to
a difference in the subjects’ behavior. The auction market is organized around
trading periods, 15 in this case. Users enter their moods before each period and
therefore a mood can be assigned to each of them. When the user clicks on a
certain area of the mood map, the selected mood is mapped to a smiley and
appears in the timeline. The timeline with the mood development during the
past periods can be reviewed after having entered the current mood.
In the following, the different parts of the experiment are described. These parts
will be the treatment design of the double auction market itself and a question-
naire that will be asked at the end of the experiment. The implementations of
the experimental design are explained consecutively. The experiment consists of
two different treatments which are slightly different from each other. Treatment
number one (T1) is a double auction asset market similar to the experiment
conducted by Smith et al. [1988]. Treatment number two (T2) is exactly the same
as T1 but distinguishes itself through the added mood evaluation method.
The experiment is based on a double auction asset market. During this exper-
iment subjects are able to trade assets for 15 market periods. One period lasts
240 seconds. When the market experiment begins, the subjects can place bids
or asks, as well as buy or sell assets for an experimental currency (henceforth
EC) during each market period. Furthermore, an important aspect is that each
asset in the portfolio of the subject pays a dividend to the asset owner after
each trading period. However, the subjects do not know the dividend level
in advance. The dividend level is the same for everyone and depends on the
dividend structure of the experiment. In this particular case, it is 0.00 EC; 0.08
EC; 0.28 EC; 0.60 EC. In this instance, the dividends are drawn from a uniform
distribution. Therefore, the expected average dividend is 0.24 EC. An important
aspect of this experiment is the fundamental value which is directly dependent
on the average dividend. The fundamental value is the amount of money which
reflects the actual value of one asset. In this experiment, the fundamental value
of one asset is equal to the remaining expected dividends. At the beginning of
the experiment the fundamental value of one asset is equal to 3.60 EC. During
the ongoing experiment the fundamental value of each asset declines by 0.24 EC
each trading period until it reaches the value of zero at the end of the experiment
(see Figure 5.3).
The dividend structure and the declining process of the fundamental value are
exactly explained to the subjects in the instruction of the experiments. At the
beginning of the experiment a certain amount of money and assets is given to
each subject as an opening stock. There are three different endowment classes
for nine traders in total (see Table 5.2). Three traders are in each endowment
class and each endowment class has the same total amount of ECs.
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Figure5.3.:Developmentoftheasset’sfundamentalvalue
Table5.2.:Endowmentclasses
Class Money Value of shares* Total
I 2.25 EC 10.80 EC 13.05 EC
II 5.85 EC 7.20 EC 13.05 EC
III 9.45 EC 3.60 EC 13.05 EC
*Worth of shares = number of share multiplied by the fundamental
value of 3.60 EC
Although there is not a consensus for the bubble-crash pattern characteristic of
the SSW experimental design, we can identify three main factors that affect it.
Traditionally, reasons have been attributed to individuals’ characteristics. Work
by Dufwenberg et al. [2005] has proved that if some or all traders are experienced,
bubbles are reduced. Smith et al. [1988] argue that the lack of common rational
expectations in early to mid periods despite common information causes the
burst of bubbles. For example, a risk neutral trader should be willing to pay
exactly the expected dividend of the asset times the number of periods remaining
in the experiment session. For instance, 3.60 EC should be payed in the first
trading period, 3.36 EC in the second, and so forth. However, other work has
investigated the market design itself. According to Johnson and Joyce [2012],
the reason for markets being prone to bubbles and crashes is based on a design
characterized by a rapidly decreasing fundamental value.
Figure 5.4 shows the market screen, as it is visible for the subjects. At the top
of the screen, the number of periods and the remaining time of one period
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are displayed. As explained above, the market periods are from 1 to 15 and
the time is displayed as a countdown, beginning from 240 seconds. Below, the
market screen is divided into three different parts: (i) Personal data, (ii) trading
information, and (iii) own history.
Figure5.4.:Subject’smarkettradingscreen
In the personal data section, the user can see the account balance (10.80 EC in the
example in Figure 5.4) and the number of assets in the portfolio (2.00 assets in the
example) which are transferred from one period to the next period. Additionally,
the sum of bids and the assets offered by the subject (in the example, 0.00 EC
and 1.00 asset respectively) are displayed. If the subject submits a bid to the
market, the sum of bids increases and the account balance decreases in the same
amount. If the bid is not accepted (either because the subject withdraws the bid
or the bid is still open at the end of the period), it is automatically canceled and
the account balance of the subject updated to the previous stand.
The trading part is divided in two sections. The upper part (“Aktuelle Angebote”)
shows the current lowest offer for sale (5.00 EC in the example) and the highest
bid (4.50 EC in the example). The system ranks the offers and bids automatically
and shows the respective highest or lowest prices, according to the trading
activity of the subjects. Below each of them, a button allows the subject to accept
the offer or bid by clicking on it. These buttons only appear if the offers are not
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submitted by the subject him or herself. If the subject presses one of the buttons,
the system shows a confirmation request before the transaction is concluded.
Subjects can only buy assets if they have enough credit in their account balance.
Likewise, assets can only be sold if their portfolio has the necessary amount.
In the lower part (“Meine Angebote”), the subject’s offers for sale and bids are
displayed. To the left, the subject can make a bid by entering the desired amount
and pressing the offering (“Abgeben”) button. The same procedure applies to
creating an offer for sale, by pressing the button in the right-hand part. As soon
as the offer is successful, it is shown in the corresponding list. The offers of
the subject disappear from the lists automatically, as soon as another market
participant accepts it or the subject who offered them decides to retire them.
The red symbol next to the offers in the lists allows subjects to delete them (see
the offer for sale at 5.00 EC in the example in Figure 5.4). The system asks for
confirmation and, finally, deletes the offer.
The lowest part of the screen (“Eigene Historie”) shows the subject’s history; i.e.,
what they have already done during one market period. All submitted asks
and bids as well as all successful sales and purchases are shown. This part is
cleared at the end of every period and all asks and bids which could not find
any attraction are reset.
After 240 seconds, a trading period is finished and the trading screen changes
directly to an intermediate trading screen until the next trading period starts.
Figure 5.5 illustrates the intermediate trading screen. Firstly, the intermediate
trading screen shows the current account balance and number of assets of the
subject. Secondly, the market information for the price of one asset in the re-
cently ended trading period is shown (maximum, minimum and average prices).
Finally, subjects get some information about their current bank account, the
dividends received by the subject and the dividend draws of the last period.
The market trading and the intermediate trading screen are the same for both
treatments. The difference between T1 and T2 is that in T1 (control group) a
new trading period starts after the intermediate trading screen, whereas in T2
(MoodMarket) the mood map application appears after the intermediate trading
screen (for details refer to Section 5.2.3 below).
As mentioned before, the subjects in the experiment trade with experimental
currency (EC). The exchange rate between EC and Euro is 2 to 1. Consequently,
a participant would receive 1 euro for every 2 EC won in the experiment. At the
end of the experiment, participants receive the profit that they have generated
in cash.
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Figure5.5.: Intermediatetradingscreen
5.2.3. Mood Map
The Mood Map is shown to the subjects of T2 between periods, in order to
enter their mood and reflect on the past periods. They are asked to submit their
mood state by clicking on a point of the mood map. Therefore, the subjects in
T2 can see the mood map as well as an overview of their mood development.
The new trading period starts twenty seconds after the last mood has been
captured (i.e., all subjects have entered their moods). Figure 5.6 illustrates the
mood development of two trading periods. The red point on the mood map
indicates the current mood entered by a subject. As soon as the cursor moves
across the mood map, the given values of arousal and valence shown below the
mood map indicate the current point in the map.
5.2.4. Implementation
The MoodMarket was implemented in an existing platform called SoPHIE—
Software Platform for Human Interaction Experiments—developed at the Uni-
versity of Osnabru¨ck. SoPHIE is a web-based system which allows the imple-
mentation of different configurations of auction asset markets for experimental
purposes. For further details about the architecture of the SoPHIE platform, the
reader can refer to Hendriks [2012].
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Figure5.6.:VisualizationofthemoodmapandthemooddevelopmentinT2
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5.3. Experimental Study: Asset Market
As shown in previous studies with the MoodMap App (see Sections 4.9 and 4.10),
one of the main challenges is the difficulty to measure the outcomes of self-
reflection with confidence; i.e., how the processes and work of individuals
was improved. In the context of an experimental asset market, we are able
to measure individuals’ performance by the behavior of participating subjects
and the development of market bubbles. In this study, we investigate if subjects’
decision behavior can be improved as far as the efficiency of trading is concerned,
by giving them the chance to reflect on and re-evaluate the previous decisions.
The experiment was conducted in August 2013 and it was a joint collaboration
with the Institute of Information & Market Engineering (IISM–KIT) and the
University of Osnabru¨ck.
The main hypothesis we explore is that the potential resulting market bubble
should be reduced by the influence of self-reflection on mood and its relation
to subjects trading behavior. The possibility for the individual self-reflection
process of subjects is implemented between trading periods, by giving subjects
the opportunity to evaluate their mood and review their mood in past periods.
This should support the re-evaluation process, as subjects could conclude from
their emotional state that their former decisions were right or wrong. From these
new insights, behavioral changes may be observed, in comparison to a market
not providing a self-reflection process. Additionally, the mood evaluation of the
self-reflection process should indicate whether the asset prices and the overall
market development are dependent on or independent of the subjects’ mood.
Indeed, a measurable indicator should be present, as several studies revealed
that market bubbles are more likely to occur and are significantly larger and
longer when subjects are in a positive mood [Isen et al., 1988]. Therefore, the
overall goal of this experiment is to study the relationship of market players’
moods, self-reflection, and subjects’ decision behavior. On the one hand, the
influence of mood on the subsequent decision-making behavior of subjects will
be investigated. On the other hand, the impact of a mood self-reflection tool on
subjects’ decision behavior will be analyzed.
Consequently, we formulated the following research questions:
• Is it possible to alter subjects’ decision behavior with a self-reflection tool
such as the Mood Map?
• How is the development of price bubbles when introducing mood self-
reflection in the market’s trading process?
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5.3.1. Procedure
Participants in the experiment were divided in two groups: subjects participating 
in a market session with treatment T1 (without the Mood Map) and subjects 
participating in a session with treatment T2 (MoodMarket; i.e., with the Mood 
Map). In both experimental asset markets, subjects had 15 trading periods where 
assets were sold and bought. Mood capturing and reviewing was introduced 
after each period of the MoodMarket treatment, where the user could also see a 
summary of the trading performance.
Participants
A total of 108 participants took part in the experiment. The experiment was 
composed of 12 sessions with 9 participants each. The sessions were divided 
in experimental group (6 sessions in treatment T2, where mood capturing was 
used) and control group (6 sessions where they played the treatment T1, without 
mood capturing).
Subjects in the experiment were 87 men and 21 women. Their ages were between 
17 and 37, with an average of 23.81 years old (SD = 3.36).
Evaluation Tools
Subjects in the experiment had to answer a questionnaire at the end of the session. 
The questionnaire included items on personal characteristics (demographics) as 
well as standard questionnaires to assess personality variables. Questions were 
answered in a 5-point or 7-point Likert scale. Both scales were varying from 
strongly disagree to strongly agree. As the questions used in previous studies 
were mainly oriented to evaluations conducted in a real work context and not in 
lab settings, they were slightly adapted. We included additional questions based 
on standards to assess need for cognition and tendency to reflect. A personal ID 
given to each subject allowed for the association of data from the experimental 
asset market and the questionnaire. The questionnaire for T2 included additional 
questions related to the Mood Map.
The general questions are investigating the experimental asset market and the 
use of the mood map application itself and the attitude of the subjects towards 
it. Furthermore, the questionnaire should reveal how convenient the use of 
the mood map application is and whether subjects think that the use of the 
mood map application has changed their behavior. Questions with respect to the 
experience of traders were also included, since previous studies showed that the 
experience of traders is an important aspect for the results of the experiment. The
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following questions focused on the usability and experiences subjects gained
using the Mood Map application during the experiment. These questions appear
only in the questionnaire from the second treatment and they are a subset of the
MIRROR Evaluation Toolbox [Knipfer et al., 2012].
The part of the questionnaire with general questions is followed by the assess-
ment of subject’s reflection attitude and need for cognition. The Short Reflection
Scale [Knipfer et al., 2012] assesses participants’ general tendency to reflect and
the importance they place on reflection. The need for cognition is related to
the subject’s affinity to solve complicated cognitive problems. A questionnaire
about the need for cognition can give some indication of how subjects manage
tasks and social information. In the context of the experimental asset market,
reflective learning is a highly cognitive process because subjects have to re-think
and re-evaluate their behavior. For this reason, the information about need for
cognition is material for the analysis of the experiment. The questions to assess
need for cognition are based on the work by Cacioppo et al. [1984].
In order to evaluate the magnitude and development of the market bubble in
each treatment session, several metrics were calculated. The first evaluated met-
ric is the maximum deviation from fundamental value, defined by Caginalp et al.
[2001] as “the most important quantity.” A very low value would indicate that
the bubble is essentially eliminated in the market. The relative deviation is calcu-
lated as the deviation related to the fundamental value. The maximum deviation
from the fundamental value is computed as in the following Equation 5.1:
Deviation = maxt(Pt − ft) (5.1)
where:
Pt isthemarketpriceintradingperiod t
ft isthefundamentalvalueintradingperiod t
A second measurement is the boom duration of a market bubble, which is
defined by the number of periods that the market bubble lasts. It is calculated as
the highest count of consecutive market periods where the median market price
(Pt) is above the fundamental value (ft).
The market activity can be determined by the turnover. This Key Performance
Indicator (henceforth KPI) of turnover quantifies the trading volume of assets
which are traded on the market. This can either be calculated for one trading
period or for the whole market experiment. The formula for only one trading
period is defined as the number of exchanged assets divided by the total stock
of units which can be traded by experimental market participants (Total Stock
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Units, TSU). To evaluate the turnover at market level, the summation of all
traded assets of the whole market experiment has to be considered. This is
denoted as follows in Equation 5.2:
TurnoverTotal = (
i∑
t=1
qt)/TSU (5.2)
where:
i isthetotalnumberofperiods
qt quantityofunitsoftheassetexchangedinperiod t
TSU istheTotalStockUnits
Finally, we measured the amplitude of the produced market bubbles. The am-
plitude is a measure of overall price changes during the market experiment.
The price changes are evaluated relative to the fundamental value (ft). High
amplitude can be interpreted as a market bubble or as a tendency not to track
the ft. It is calculated as indicated in the following Equation 5.3:
Amplitude = maxt {(Pt − ft)/ft} −mint {(Pt − ft)/ft} (5.3)
where:
Pt isthemarketpriceintradingperiod t
ft isthefundamentalvalueintradingperiod t
5.3.2. Results
Differences between Treatments
The personality variables for each treatment were analyzed to gain insights on
the profiles of the subjects and the differences between the two groups. The
results of an independent two tailed t-test revealed that there was a statistically
significant difference with respect to Need for Cognition. This indicates that,
on average, people in the MoodMarket group readily engage in thinking about
topics as they are presented, enjoy the thinking process, and are motivated
to apply their thinking skills with little prompting. There were no significant
differences regarding the reflection capacities of the subjects (Short Reflection
Scale). Therefore, we can conclude that the groups were homogeneous groups
with respect to reflection and are a valid sample to investigate our hypothesis.
Table 5.3 summarizes the results of the t-tests analysis.
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Table5.3.:ResultsforNeedforCognitionandShortReflectionScaleinbothtreatments
Control Group (T1) MoodMarket (T2)
Treatment M SD M SD p
NeedforCognition 4.67 8.58 8.33 9.32 .032
ShortReflectionScale 3.06 7.39 3.37 5.57 .790
Regarding the questions about the impact of the Mood Map, subjects do not
state that tracking their mood between periods influences them significantly (see
summary of main values in Table 5.4). In summary, subjects agreed that they
had reviewed the development of their moods in the timeline with the smileys.
However, they remained neutral when they were asked if they had reflected
about their mood after each period.
Table5.4.:Averagevalues for itemsfromthepost-questionnaireregardingtheMoodMap
App (N = 54)
Questionnaire Item Mean SD
Withthegiveninstructions,IcouldfindouthowtheMoodMapApp
workedbymyself.
4.37 0.76
GatheringofmymooddatawiththeMoodMapAppwaseasy. 3.87 0.85
IwasnotmotivatedtousetheMoodMapApp. 3.11 1.19
ThefrequencyofmoodcapturingwiththeMoodMapAppbetween
periodswassuitable.
3.50 0.88
Iexaminedmymoodtrendvisualizedinthesmileys’timeline. 3.48 1.18
Ihavereflectedattheendofeachperiodaboutthedevelopmentof
mymoods.
2.76 1.20
Reduction of Price Bubbles
In order to define the effects of the market experiment on the decision behavior 
of market players, we determined the magnitude of the market bubble through 
several metrics. The mean deviation per period was on average higher in the 
control group (M = 1.28; SD = 1.47) than in the MoodMarket (M = 0.95; SD = 1.19). 
Both the deviation and relative deviation at market level (i.e., per session) are 
depicted in Figure 5.7, for each type of treatment.
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Figure5.7.:MoodMarket:Deviationandrelativedeviationofthemarketbubbleineachtype
oftreatment:MoodMarketandControlgroup
Table 5.5 shows the results of the conducted independent-samples t-test to com-
pare the bubbles’ deviation and relative deviation of both types of treatment 
(control group and MoodMarket). The conducted Levene’s tests indicated that 
the groups do not have equal variance (Deviation: F = 6.565; P-value = 0.011; 
Relative Deviation: F = 14.818; P-value = 0.000). Therefore, we conducted the 
corresponding t-test assuming unequal variances. There is a significant differ-
ence (at a 5% level) in the scores for relative deviation, whereas the scores for 
deviation do not present a significant difference. These results suggest that 
reflecting on mood has an effect on players’ trading. Specifically, our results 
suggest that it reduces price bubbles in the market and therefore improves the 
decision behavior of the participants.
The amplitude of the market bubble in each treatment was also measured. Fig-
ure 5.8 shows the average values of both types of treatment (i.e., control group
and MoodMarket), revealing that the bubbles’ amplitude was on average higher
in the control group than in the MoodMarket.
We conducted an independent-samples t-test (see Table 5.6) to compare the 
amplitude of the MoodMarket treatments with the control group treatments in 
detail. The conducted Levene’s tests indicated that the two groups do not have 
equal variance (F = 8.415; P-value = 0.004). Therefore, we conducted the corre-
sponding t-test assuming unequal variances. There is a significant difference at 
a 5% level between both types of treatment. These results suggest that the usage 
of the Mood Map had a positive influence on the amplitude of the price bubbles;
i.e., the amplitude of the price bubbles was reduced.
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Table5.5.:Deviationandrelativedeviation:Descriptivestatisticsandt-testresults.
Metric Treatment n M SD Var t df p
Deviation ControlGroup 87 1.402 1.369 1.874 1.586 158 0.115
MoodMarket 85 1.112 1.005 1.010
Relative ControlGroup 87 0.980 1.234 1.523 2.578 134 0.011
Deviation MoodMarket 85 0.589 0.680 0.462
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Figure5.8.:MoodMarket:Amplitudeofthemarketbubbleineachtypeoftreatment:Mood-
MarketandControlgroup
Summarizing the results obtained from the analysis of the economic data, the
relative deviation and amplitude of the price bubbles present significant dif-
ferences between the control group and the experimental group. However, no
significant differences were observed in the absolute deviation measurements.
In order to gain further insights about the development of the price bubbles, we
analyzed the behavior of the mean asset value during the experimental sessions.
Figure 5.9 shows the mean asset value in each period of the 12 sessions belonging
to the corresponding treatment of each experiment session. This development
illustrates the development of the price bubble in the market.
The periods with no values (break in the line) indicate that participants did not
handle in that period. In order to facilitate the comparison with the expected
behavior of the asset values (as explained in Section 5.2.2), the fundamental
value of the assets is also depicted through a discontinuous line The comparison
of the amplitudes of the price bubbles show a tendency toward lower values in
the MoodMarket treatment.
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Table5.6.:Amplitudeofthepricebubbles:Descriptivestatisticsandt-testresults.
Metric Treatment n M SD Var t df p
Amplitude ControlGroup 87 0.349 0.480 0.230 2.462 158 0.015
MoodMarket 85 0.192 0.351 0.123
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Figure5.9.:MeanassetvalueineachperiodofMoodMarketandcontrolgroup
The measurement of the total turnover in each market reveals that it was higher 
in the control group (M = 3.824; SD = 2.206) than in the MoodMarket (M = 2.935; 
SD = 0.672). This indicates there was a lower trading volume in the MoodMarket, 
and therefore we can conclude that participants were potentially more rational 
in their decision-making behavior.
We also analyzed the development of the auction course by comparing its global
behavior in both treatments. Figure 5.10 shows the average development of the
asset value in all experiment sessions of each treatment type; i.e., MoodMarket
and control group.
The analysis shows that the participants in the experimental group, on average,
realized that the negotiating price of the auction was too high a whole period
earlier (see periods 9–10 in Figure 5.10), and ,consequently, that they were riding
in a bubble. In conclusion, market price bubbles were not different in absolute
size (maximum), but reflection via mood capturing helped subjects to recognize
the price bubble earlier and hence, to adapt their behavior accordingly.
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Figure5.10.:Development of the mean asset value in each period of every market session
(MoodMarketandcontrolgroup)
In order to investigate if there is any relationship between the observed behav-
ior of the price bubbles and the mood of the subjects in the MoodMarket, we
analyzed the gathered mood data. Figure 5.11 shows the average mood value
of the participants in each period. This was calculated taking into account the
individual mood of each participant in all the MoodMarket sessions.
As it can be seen in Figure 5.11, a clear change in the trend of both valence and
arousal was observed exactly in the same periods where subjects realized that
they were riding in a bubble (see periods 9–10). This relationship enforces our
hypothesis that reflecting on moods contributed to this improvement in their
trading behavior.
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5.4. Related Work
The effect of mood and the development of price bubbles in experimental asset
markets has been a key research topic in the last years [Andrade et al., 2012;
Schoenberg and Haruvy, 2012]. In the experiments carried by Andrade et al.
[2012], subjects had to watch a mood inducing film prior to the experimental
market game. Former research by Gross and Levenson [1995] showed that it is
possible to induce a certain type of mood across an ethnically diverse sample
of subjects. For this research about the influence of a mood state on a market
bubble, four different films were selected to elicit four different emotional states.
The analysis of these experiments revealed that larger asset bubbles arise on
markets where subjects watched exciting videos. In general terms, possible
reasons for this behavior could be found in subjects who were too expectant
about the market development or who neglected necessary market information
as an important component of future market expectations.
According to Andrade et al. [2012], this behavior change is justified as follows.
As partially mentioned above, there is evidence that emotions are changing
the cognitive process of information-processing. Another reason could be the
misattribution of arousal [Pham, 1998]. The misattribution of arousal is defined
as a process where people evaluate the false cause—making them aroused. In
this study, it means that people feel aroused because of the market game instead
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of the basic reason, the mood-eliciting film. The last possible reason would be
an altered risk perception of subjects [Hogarth et al., 2008]. The combination
of these three reasons, belonging to different types of psychological processes,
can lead to the effect that positive feelings decrease risk aversion [Kuhnen and
Knutson, 2005]. This in turn results in higher bids and larger market bubbles.
A similar study is the one by Schoenberg and Haruvy [2012], which is related
to the SSW study where market bubbles arise. In this study, the emotion is
not induced by films prior to the market game, but by relative performance
information’ during the experiment. Subjects are able to compare themselves
either to the best or the worst trader. Therefore, the subject’s account status screen
with information about the best and worst trader is shown to the experiment
participants. One can assume that the comparison with other subjects causes a
mood which is positive if the result is close to the best or even is the best, or a
negative mood if the performance is bad. As a result, Schoenberg and Haruvy
[2012] could show that perceived performance relative to others has significant
effects on subjects’ behavior, just like prices are higher and boom durations
are longer during a market bubble. This observation is caused by changed
risk perception, since traders within an upward-reference market conceive the
difference to the leader as a loss and therefore they are more risk seeking.
Research on emotions suggests that auction outcomes may elicit an aversive
“frustration of losing” and a rewarding “joy of winning” response. Taking into
consideration these patterns of winning joy and losing regret, Astor et al. [2011]
investigated emotional processes in auctions with varying feedback information
and provide an approach that combines an auction experiment with psycho-
physiological sensors to indicate emotional involvement. In subsequent work
of these authors [Astor et al., 2013], they investigated the intensity of these
emotional reactions.
The xDelia1 project has also built tools and conducted studies to measure psy-
chophysiological parameters and mirror the results back to traders in financial
markets. Astor et al. [2014] investigated how a serious game can improve
decision-making by boosting decision-makers’ awareness to their emotional
state and improving their skills for emotion regulation. The game, which was
evaluated in two laboratory experiments, displays the players individual emo-
tional state (biofeedback) and adapts the difficulty of the decision environment
to this emotional state. Also under the premise that emotions are a key factor
in decision-making, Hariharan et al. [2013] studied how a system that incorpo-
rates affective information in the form of physiological signals can lead to better
decision behavior.
1 http://www.xdelia.org
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In conclusion, there is a vast field of research that investigates trading behavior
and which factors affect the development of price bubbles, including emotions as
one of the factors examined. However, the potential of a self-reported approach
to track mood data and reflect on it has not been examined yet.
5.5. Discussion and Conclusions
Participants were neutral regarding mood capturing having a significant influ-
ence on their decision-making behavior. However, as it has been shown above,
subjects did change their trading behavior and performed better in the Mood-
Market than in the control group. This suggests that the effect of mood capturing
on decision performance was potentially subconscious and that the perception
of the impact of the app differs from the real impact. These were positive first
results regarding the effect of mood capturing on decision-making.
The analysis of the mood data shows a clear change in the mood trend in the
same periods where the trading behavior of the subjects leads to a decrease of
the market bubbles. The fact that these data show this coincidence gives evi-
dence that there is a relationship between reflection on moods and their trading
behavior. This contributes with valuable insights to our RQ4 (see Section 1.2).
We can draw the conclusion that by reflecting on their moods, subjects in the
MoodMarket improved their trading behavior.
The obtained economic results, both at market and period level, show positive
results in the direction of our hypothesis. However, some of the results were not
significant. This fact is also affected by the small sample and, therefore, further
experiments should be conducted in order to confirm the obtained promising
results at a higher significance level.
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Feedback in Lectures and
Presentations
For lectures and conferences—one of the main daily activities of researchers,
professors, lecturers and students—there is currently little or no support for
learning by reflection, even though in these scenarios there seems to be a great
potential to improve professional skills and presenters’ performance by learning
from personal experience.
6.1. Work Context, Requirements and Challenges
It is not easy for presenters to know how their performance is perceived by the
audience (e.g., is the lecture difficult or easy to follow? Is the presentation too
fast or too slow?). Especially in mass lectures, virtual courses or conferences,
reliable feedback from the audience is missing and the speaker lacks support to
quickly evaluate the overall course of the presentation and react accordingly.
In this context, we identified the potential of tracking feedback and helping
professionals who participate in presentations to improve their skills and per-
formance when addressing an audience. Such data would help the speaker
to reflect on the differences between his or her own perspective on an event
and how his or her performance is perceived by the participants. This need for
learning from others’ perspectives motivated the design and development of
a tool to support reflection on audience feedback. To realize technical support
for the reflection in this concrete scenario, we have to consider issues like how
to present individual feedback of a large group of participants so that it can be
interpreted while avoiding excessive cognitive load.
Traditionally, conventional surveys after the lectures or conferences are finished
have been used as feedback channel. These surveys are usually oriented towards
the content of the course/talk and the understanding of the students. In many
cases the surveys also include feedback about the presenter’s performance.
However, they are performed once the event is finished or even some weeks later.
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Therefore, the presenter cannot incorporate the lessons learned in the current
lecture. Reflecting on captured feedback data may help users to continuously
learn from their performance and improve their skills.
There are several approaches related to capturing data in education [Duncan
and Mazur, 2005; Hadersberger et al., 2012; Kundisch et al., 2012; Rubner, 2012],
as well as in business [Teevan et al., 2012], with the purpose of increasing the
interaction with the audience, but none of them focus on using the captured
data to review the presenter’s performance and improve by reflecting on it.
6.2. Live Interest Meter
We designed the Live Interest Meter (LIM App) for scenarios that involve a
person addressing a large audience; e.g., in a lecture or a conference (see Fig-
ure 6.1). Its goal is to quantify and track abstract feedback from an audience
(e.g., emotions and thoughts especially referred to their perception of the event
in which they participate) and to provide this information as live feedback to the
presenter so that he or she can evaluate and learn from their experiences while
performing the talk (reflection-in-action) as well as after it (reflection-on-action).
At the same time, the LIM App aims at improving attendants’ attitude, attention
and concentration during a lecture or conference through reflection.
The LIM App has a central part consisting of a meter, which allows users to track
and aggregate any quantifiable aspect as seen by the audience, like comprehen-
sion (Is it difficult or easy to understand?) or performance (Is it too fast or too
slow for me?). The development of the feedback is displayed graphically in the
“Evolution Graph” (see Figure 6.3). This way, the speaker can quickly evaluate
the overall trend and react accordingly (“Adaption/Reaction” in Figure 6.1).
Moreover, members of the audience can compare their own ratings with the
group aggregation, and reflect on the trends or deviations and differences or sim-
ilarities of the data (“Peer comparison” in Figure 6.1). That is how the LIM App
provides an integrated feedback and reflection loop for both the presenter and
the audience. In order to increase the interactivity between audience and presen-
ter, the tool additionally offers a group chat, instant polls and rated questions.
Apart from being used on their own, these features also help contextualizing the
evolution-data from the meter.
In the described work situation, three use cases can be defined. First, a presenter
can use the application to gather feedback (a) which can be evaluated and
learned from while holding the presentation (reflection-in-action). Having the
role of an audience member, users can give feedback (b) during the presentation
and, while doing that, improve their own attitude, attention and concentration.
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Lastly, after a presentation has taken place, the presenter can evaluate (c) and
reflect on the gathered data (reflection-on-action).
Learning by reflection on past events
Delicate topics / Skills improvement
(c)
(b)
Adaptation & Reaction
Slow down / Explain again differently 
Give feedback & Peer comparison
Talk is too hard / I am too distracted
Aggregated live feedback
Too fast / Too complicated
(a)
Figure6.1.:ScenarioandusecasesoftheLIMApp
6.2.1. Live Interest Meter: IMRLQS Support Dimensions
In the following, we describe how the LIM App supports reflective learning
according to our Integrated Model of Reflective Learning and Quantified Self
(IMRLQS, see Chapter 3).
• Tracking. Tracking is based on self-reporting through the LIM App. The
tracked aspect are mainly abstract thoughts and opinion, which are quantified
through the meter. This feedback can be any aspect related to the presenta-
tion or lecture; e.g., interest of the topic, comprehension of the talk, velocity
of the presenter, etc., and it may be included in the category of emotional
data because of its abstract nature. The purpose to track feedback through
the LIM App is to measure own learning, as well as to express an opinion
and share it with the presenter and thereby to offer other perspectives
which may be useful for both lecturer or presenter and audience.
• Triggering. Triggering refers to the starting of the reflective learning pro-
cess, by raising awareness or detecting discrepancy. The LIM App supports
passive triggering, as it relies on the user to visualize the graph showing the
evolution of the feedback and evaluate it in its context (topic, questions,
polls). Besides, in the case of the audience, the comparison to the average
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feedback value has also a big potential to trigger reflection, as it shows
the contrast of different perspectives. Active triggering is implemented by
notifications shown to the speaker if the feedback values achieve particular
low or high thresholds.
• Recalling and Revisiting. In the LIM App, users can review all the data
and reflect on it after the event. Contextualization of the data is provided
by topic markers, questions, polls, and chat. According to the model, data
can also be augmented with information about the social context of the
user. This is offered by the LIM App by comparing the users’ values to
the group’s average values, what may provide new perspectives on ex-
periences and offer new abstraction levels. Presenters can also use this
contextualized feedback for subsequent reflection on the difference be-
tween the participants’ perception of events and their own experience.
Additionally, sharing data related to feedback in a social context and expe-
riencing how others give their opinion can motivate people to do it also by
themselves and thereby to capture their own data. With the visualization
of the evolution graph, users can detect upward or downward trends or
identify deviations from a certain norm that may indicate progress or a
problem. By exploring the graph, it is possible to detect topics where a
user’s capability or speed of understanding deviates from the other class-
mates. The presenter can assess if a theory needs further explanation and
examples in order to be comprehensible for the majority of the audience.
The implementation of the support dimensions in the LIM App described above
is summarize in Table 6.1. Following, Table 6.2 shows an overview of the devel-
oped prototypes and the main added or modified features in each prototype.
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Table6.1.:DimensionsoftheIMRLQSthataresupportedbytheLiveInterestMeter
Support Dimension Characterization Live Interest Meter
Tracking
Tracking means Software sensor (mobile and web-based
application)
Tracked aspects Emotionalaspectsandactivity
Purposes Aggregate different perspectives,
improve communication skills
Triggering Active Notifications
Passive Feedback, live visualizations,
event reports
Recalling&Revisiting
Contextualization Social context (sharing and comparing),
historicalcontext,andtask(topicmarkers,
questions,polls)
Data fusion Subjective data (self) and group data
Data analysis Mathematical and graphic aggregation
Visualization Timelines with feedback trends and
comparisonwithotherusers, topic
markers,barchartswithpollsresults,
questionsposedwith respective rating
Table6.2.:OverviewoftheLIMAppprototypes
Prototype Version Release Date Added/Modified Features
LIM 0.6 June 2011
Quantifying feedback
Feedback evolution graph
Topics
Polls
Questions
Chat
Group configuration
LIM 1.0 November 2012
UX Design & dashboards
User management
Written feedback (comments)
Notifications
Event data reports
Chat removed
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6.2.2. Live Interest Meter 0.6
The LIM App is available as a JavaScript-based application as well as an Android
App. Whereas the first one provides a broader access from any device (e.g.,
tablets and laptops), the second version offers a more unobtrusive user interface
(accessible from smartphones). In the following, we provide an overview of the
first prototype of the LIM App and its features.
The Meter
The meter component, illustrated in Figure 6.2, is the core of the application and
consists of a colored surface with an input slider that allows introducing the
desired value. It has a title explaining what is being assessed and two captions
representing the positive (top) and negative poles (down); all three captions
are set up by the presenter (master) at the beginning of the session. For the
visualization of the meter, we chose the blended colors of traffic lights; i.e., a
negative rating is colored red, yellow means neutral and green is a positive
rating. Users can update their feedback at any time. A given value stays valid
for a specific amount of time, in order to maintain a certain timeliness of the
feedback. The timeout value can be set up by the presenter to match the event’s
pace. The meter input component is closely related to the evolution graph, which
visualizes time series of the meter-values. Additional features include polls with
instant evaluation, a question system with user rating, and a group chat.
Evolution Graph
The evolution graph (see Figure 6.3) shows three different aspects of the meter-
values in a timeline (x-axis): (a) the feedback value of the user is depicted through
a red line, (b) the black line displays the group average feedback, and (c) the
colored area spans between the 10th and 90th percentile of the group values.
In the top-right corner the number of currently valid user-votes is displayed—
important to estimate the relevance of the given feedback. The time range of
the display can be adapted locally by each user. The red circles at the bottom
represent topic markers. In this first prototype, the presenter (master) as well
as the audience (clients) can see all the data in a graphic live. This fact can help
presenters to react to their audience and adapt themselves while giving the
talk. In the case of the audience, they can compare themselves with the average
and percentiles (10th and 90th) of all participants. Average and percentiles are
established measures which are typically used to compare and analyze data and
are suitable to explain to the public. Therefore, these measures were chosen for
the comparison of feedback levels with other participants.
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Figure6.2.:Meterwithonedimension,providedwithasliderforinputvalues
Figure6.3.:EvolutiongraphshowingthefeedbackovertimeintheAndroidinterface(left)
andtheJavaScriptinterface(right)
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Polls
Presenters have the possibility to set up polls before or during their presentations.
Audience members can also suggest polls, so that an assistant can prepare special
polls during the actual presentation. The presenter then only has to accept and
open the suggested poll. Opened polls automatically show up as pop up on the
participants’ side. As soon as participants provide their answers, they can see
the overall results. If the poll votes change, the results are immediately updated
in the user interface.
Questions and Chat
The LIM App implements a question system that allows participants to ask ques-
tions visible to everyone, as well as a means to rating questions. It is accessible
through the settings menu and lists all current questions, each decorated with a
star rating bar, through which the participants can rate the question and in this
way indicate and reaffirm a question’s importance and urgency. The number of
votes for the respective question is shown in parentheses so that both presenters
and audience can get an idea of how many people rated a certain question.
Especially in a large audience, everybody can ask questions without hindering
global progress. Based on the star rating, the presenter can decide if and when
to react. The question system itself is only intended for questions directed at the
presenter, who is supposed to answer them verbally at some point of the event.
But probably a lot of questions could be answered by members of the audience
without disturbing the global flow. That is where the chat component comes
into play. It enables communication with the whole audience, without the need
to disturb the global attention to the talk. The chat is currently only available in
the web-based front end.
Topic Markers
We introduced topic markers as a tool for the presenter to label periods of the
presentation. This feature provides a better contextualization of the gathered
feedback. Topic markers can be the slide titles, slide numbers or any other set
of titles corresponding to the development of time. Once the group is set up
and the topic markers are defined, the presenter only needs to release a given
marker, when the matching point in time is reached. Topic markers show up in
the evolution graph of all users as numbered dots, with the full title showing
when it is clicked on (see red circles in the mobile version and numbered blue
rounded squares in the mobile version shown in Figure 6.3).
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Master Control
Through the web-based front end, users can join a group as participant or create
a new group as master, indicating the group name and a password to protect it
from unauthorized changes. When creating a new group, presenters can config-
ure the meter to the kind of feedback they would like to collect. The title of the
meter and its captions for the two opposite poles can be specified. Furthermore,
they can prepare a list of topic markers and polls for their immediate availability
during the presentation.
Android Version
This version of the LIM App is implemented for Android devices. When users
enter the app and, after logging in to the group, they can touch the screen
and capture their feedback with the meter. By tapping on the evolution graph
(Figure 6.3) the participants move to the slider input (Figure 6.2) where they can
provide and update their feedback value by just moving a finger somewhere
on the screen relative to the y-axis. This value reflects their current opinion or
perception without even looking at the device.
Figure 6.4 shows some additional screens of the Android application. The first
screen (Figure 6.4a) is the start screen that welcomes the user after starting the
application. The second screen (Figure 6.4b) shows an example of a possible poll
that the master may open for the audience. Finally, after users have answered a
poll, they can see the aggregated votes of other users (Figure 6.4c).
Figure6.4.:LIMAndroidApp:Welcomescreen(left);pollexample(center);pollvotes(right)
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JavaScript Version
This client version of the LIM App (see Figure 6.5) is a web-based front end that
allows users to access the LIM from any browser. The screen is divided into four
areas showing the meter component (top left), the questions (top right), the chat
(bottom left) and the polls (bottom right).
The master’s function to set up a group is available through the web-based front
end. First, it allows the master (presenter) to activate/deactivate the chat, polls
and questions; as well as configure the lifetime of the values and the update
interval for the meter (see Figure 6.6 to the left). If any of the features (chat, polls,
or questions) are deactivated, the app is automatically updated and they do not
appear in the view of the JavaScript clients (participants in the audience). Second,
the master can enter the topics that he or she will address and go through them
with the Previous, Repeat and Next buttons (see Figure 6.6 to the right). This
will set and show the topics as markers in the history graphic and the chat (topics
attached to their timestamps are shown in blue, see Figure 6.5).
The values lifetime specifies the time in seconds that a given vote is valid, in
order to ensure a certain feedback remains current (a value entered; e.g., 20
minutes ago is not considered as a current value). The vote update interval is
an essential parameter for the update behavior of the whole system. In order
to prevent vote flooding and system overload, both client and master check for
changes to their values only with that interval and send updates only when
a value actually changes. That means that the clients meter value is not sent
immediately when the user moves the slider, but when the value timer triggers
and detects a changed local value (for further details about the implementation
see Section 6.2.4).
The meter can be configured by the master. In the setup window, he or she
can specify the title and values of the meter (Figure 6.6 center). Two values are
specified (top and bottom parts of the meter) which are shown as captions in
the meter and/or history graphic. Besides, the time span showed in the history
graphic can be configured through a drop-down menu showing the available
time in minutes.
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Figure6.5.: JavaScriptversionoftheclient:meterandevolutiongraph(upperleft),questions
withratings(upperright),chat(bottomleft)andpolls(bottomright).Screenshot
obtainedduringaninternaltest.
Figure6.6.:Master view with configuration of the group (left), configuration of the meter
(center)andtopicsstamps(right)
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6.2.3. Live Interest Meter 1.0
The second prototype of the LIM App focused on supporting the revisiting and
recalling of past events. In order to facilitate the review of the captured data,
the development of the application considered the accessibility from as many
types of devices as possible. As a result, the second prototype of the LIM App is
developed as a web application, accessible from desktop, tablets, and mobile
browsers. In addition to the web application, the Android app was also further
developed in this second prototype, but it only includes functions that can be
used by the audience during the presentation.
Based on the conclusion of our first formative study (Section 6.4) and the sub-
sequent evaluation (Section 6.5), the new version of the LIM App improved
existing features and added new ones, especially for the review of data gathered
in past presentations. Anonymous questions to the presenter and polls with
several options are still available, whereas the chat was removed. Additionally,
the audience can send anonymous comments related to the feedback that they
are giving in the meter, which can be very constructive for the presenter. Regard-
ing the polls, prior to the presentation the presenter can prepare and save poll
templates they would like to ask later on.
The risk of displaying too much information to the presenter while he or she
performs the talk was an identified challenge and was also confirmed by our
previous studies. Therefore, we decided to define a dashboard for the presenter
that visualizes the most important items. It displays the current values of the
meter as well as the number of currently active participants that use the meter for
giving feedback. As suggested by participants in previous studies, a countdown
timer is also available. Below the timer, a notification area is situated which
shows different notifications based on the current group average meter value.
To facilitate the revisiting of past events, the enrichment and presentation of the
gathered data was implemented. Our results showed that not all presenters were
able to react and reflect during the presentation and therefore the major potential
for reflection lies in recalling and revisiting past events in retrospective. Users can
go to the My Events page and explore the reports of their presentations, including
the meter feedback, polls, questions, and written feedback comments.
In the following, we detail the LIM web application and its whole functionality.
At the end of this section, we describe the mobile version of the LIM App
(available for Android platforms) is described.
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The Meter
The meter was maintained as the main component of the LIM App. However,
we identified that there are cases where the default color scheme (see Figure 6.7a)
is not suitable; e.g., when feedback about the speed of the talk is given. In such
an example, “too fast” would appear in green and “too slow” in red indicating
the wrong color meaning. In such cases, this second prototype offers a different
color scheme with a blue gradient (see example in Figure 6.7b) which can be
chosen by the presenter.
(a) (b)
Figure6.7.:ConfigurablecolorschemesfortheLIMMeter:(a)defaultand(b)alternative
User Management and Groups
In this second prototype, user management was added to the LIM App and
users had to register in order to have a personal profile with all the presentations
where they have participated. When using the web app, the user can either
join a group as participant (client) or create a new group as presenter (master),
indicating the group name and a password to protect it from unauthorized
changes. The menu bar in the upper part allows joining a group to give feedback,
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hosting a group as a presenter, visiting the reports of the events in My Events, or
opening the personal menu to log out or see information about the app itself.
In order to join a group and give feedback as member of the audience, the user
has to enter the name of the group. The user will be redirected to the audience
dashboard (see Section 6.2.3). Users can only join groups that are active; i.e., the
presenter has created the group and it is still open (see Section 6.2.3 about how
to create a group).
Creation of Groups
If the user wants to create a group to receive feedback while giving a talk, he or
she has to select the menu Host group (see Figure 6.8, left). The configuration
screen will appear automatically, where the presenter or lecturer can configure
the meter to the kind of feedback he or she would like to receive.
In the setup window, the presenter can specify the title (Figure 6.8, Meter title)
and values of the meter. Two values are specified (Upper caption and Lower caption,
respectively) which are shown as captions in the meter and history graphic. The
type of meter; i.e., the color scheme as explained above, can also be configured
(see meters type A and B in Figure 6.8). Additionally, the permissions of the
group can be configured, including polls and questions. It allows the master
(presenter) to activate/deactivate them. If any of the features (polls or questions)
is deactivated, the app is automatically updated and they do not appear in the
audience dashboards.
Finally, the user has to give a name and a password to the group. This password
is only set for configuration of the group and to protect it from unauthorized
changes from other users. By clicking on the Create Group button, the user will
be redirected to the Presenter Dashboard (see Section 6.2.3) and the presentation
can start. After this, any user can join the group and give feedback from the
audience, as explained in the previous section.
Polls, Questions and written Feedback
Additional features include polls with instant evaluation, a question system
with user rating, and anonymous written feedback (see Figure 6.9). Polls and
questions have the purpose of contextualizing the data from the meter, as well
as offering a better integration with features that may be necessary in such kind
of scenarios (a lecture or a conference talk) and raise the interactivity between
audience and presenter.
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Figure6.8.:Configurationofthegroupasmaster(presenterorlecturer)
Presenters have the possibility to set up polls before or during their presentations.
Incoming polls automatically show up as a notification in the polls tab and users
can select one of the available options (see Figure 6.9a). As soon as participants
provide their answers, they can see the overall results. If the poll votes changes,
the results are immediately updated in the user interface. The members in the
audience can also suggest polls to the presenter, who will decide if a certain
suggested poll is suitable and should be open to the rest of the audience in order
to be answered.
The LIM App implements a question system that not only allows any participant
to ask a question visible to everyone, but also provides the means of rating every
question (see Figure 6.9b). Users have a list of the available questions, each
decorated with a star rating bar, through which the participants can rate the
question. Next to the rating, the number of votes for the respective question is
shown. Especially in a large audience, everybody can ask questions without
hindering global progress and people who lack confidence to raise their hand
and ask can do it anonymously with this feature. Based on the star rating, the
presenter can decide when to react. The question system itself is only intended
for questions directed at the presenter who is supposed to answer them verbally
at some point of the event.
Finally, written feedback in the form of text can be sent to the presenter (see
Figure 6.9c). This allows users to contextualize the meter feedback and send any
comments to the presenter. In order to avoid an information overload as well
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as an excessive distraction of the presenter, these comments are not visible to
the presenter during the presentation, but will appear later in the corresponding
generated report in the personal area of the user.
(a)
(b)
(c)
Figure6.9.: (a)Polls, (b)questionsand(c)writtenfeedbackintheLIMwebversion
Audience Dashboard
The audience dashboard (see Figure 6.10) is available for all the members in
the audience and gives access to the feedback meter as well as the functions
presented above. On the left, the user can give feedback through the meter,
by simply using the slider. Below the meter, the “Give Feedback” button al-
lows users to give anonymous written feedback by sending a comment to the
presenter (with the text written in the text input field).
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On the right, there is the tab panel where the user can access the rest of func-
tions: evolution graph, polls, questions, and written feedback. By going to the
corresponding tabs, the user has access to polls and questions as explained in
Section 6.2.3. If a new poll is sent to the users or a new question is asked, there
will be a number in red indicating the notifications. Regarding the evolution
graph, users can see the evolution of their feedback as well as that of the other
members in the audience. While the audience is giving feedback through the
meter during the presentation, the aggregated live group feedback can be seen
in the evolution graph (see Figure 6.10). The graph displays the personal meter
value (red line), group’s minimal, maximal (colored area) and average values
(black line) in any particular point in time during the presentation. As the audi-
ence members analyze and evaluate their own data with the aggregated group
data, the observed differences or similarities can trigger reflection.
Feedback data can be contextualized by adding interesting topics; e.g., “What
is the presenter talking about right now?”, “Which slide is being shown?” This
feature can be accessed on the right-hand side of the dashboard, as depicted
in Figure 6.10. Users can also share these interesting topics with others, if they
activate the option “Share with others”. These topics are also displayed in the
evolution graph as green points. Contrary to the previous LIM prototype, instead
of letting the presenter define important topic marks, the task was delegated
to the audience. With that change, it was intended that much more contextu-
alization would be brought into the presentation and at the same time some
workload is lifted from the presenter.
Finally, the time span showed in the history graphic can be configured through
a drop-down menu showing the available time in minutes.
The polls and questions features, which were already part of the first prototype,
can be accessed through the tabs in the panel on the right side of the screen. Their
purpose is to improve the interaction between presenter and audience and con-
textualize the feedback captured with the meter. Asking questions anonymously
was one of the most appreciated features during the first evaluations, whereas
the chat function was considered as too distracting and therefore removed from
this new prototype. Finally, the audience can also send anonymous comments
related to the feedback that they are giving in the meter.
Presenter Dashboard
The dashboard of the presenter, shown in Figure 6.11, visualizes the most im-
portant items in order to minimize the distraction during the presentation. The
decision to define this dashboard was driven by the fact that presenters may
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not be able to actively interact with the LIM App during a presentation, as was
confirmed by our previous studies.
6. Use Case III: Feedback in Lectures and Presentations
Figure6.10.:OverviewoftheLIMaudiencedashboardduringthepresentation
Figure6.11.:OverviewoftheLIMpresenterdashboardduringthepresentation
In the left part of the dashboard, the dashboard displays the current value of the
meter, including the average value (white slider), the minimum (red slider) and
the maximum (green slider). In the right part, the number of active participants
that use the meter to give feedback is shown. This is important to estimate
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the relevance of the given feedback. A countdown timer is also available, so
that the presenter can keep track of the time. Below the timer, a notification
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area is situated, which shows different notifications based on the current group
average meter value. Also contained on the dashboard is a quick preview table
of suggested polls. The preview table can be especially useful for creating a
previously saved poll template. The displayed summarized data, along with the
meter component (as seen in Figure 6.11) encapsulates the most relevant data to
passively trigger reflection and allow the presenter to adapt while holding the
presentation.
On the right, analogous to the audience dashboard, is the tab panel where the
presenter can access the rest of the functions: polls, questions, and settings. By
going to the corresponding tabs, the user can access polls and questions, as
explained in Section 6.2.3. If a new poll is sent to the users or a new question is
asked, there will be a number in red indicating the notification.
The presenter has a built-in functionality to mark a question as answered and
the audience can vote which questions are the most relevant ones. With that, as
seen in Figure 6.12, the presenter can keep track of which questions are already
answered and which are still relevant. The pollution of too many questions
being asked (be it real questions regarding the context of the presentation or
just spam) can be easily countered; once a question is marked as answered it is
removed from the list of displayed questions.
Figure6.12.:Questionsaskedduringthepresentation,asseenbythepresenter
Regarding the polls, prior to the presentation the presenter can prepare and
save poll templates he or she would like to ask later on. During the presentation,
members of the audience can also propose polls which be sent to the presenter,
who will decide if they are suitable to be opened to the rest of the audience.
My Events
To facilitate the revisiting of past events, the enrichment and presentation of the
gathered data is needed. Results presented in Section 6.6 also showed that not all
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presenters were able to react and reflect during the presentation and, therefore,
the greater potential for reflection lies in recalling and revisiting past events
in retrospective (the third dimension defined by the IMRLQS, see Chapter 3).
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After a presentation is finished, the user can go to the My Events section and
select a group session in which he or she participated as either the presenter
or audience member. A summary of the selected presentation will be shown,
containing the feedback given or received, the questions asked, and the polls
answered by the audience. On the left, as seen in Figure 6.13, the user can see
a list of the presentations divided in Hosted Groups (i.e., the groups where the
user was the presenter) and Joined Groups (i.e., the groups where the user gave
feedback as a member of the audience). After selecting a group, the user can
choose which session he or she wants to explore by selecting the date and time
in a drop-down menu.
The report of an event is divided into three sections. The displayed data (see
Figure 6.13) firstly consists of a timeline depicting what was tracked during
the presentation and what the trends were through four different lines. In the
figure, the feedback regarding the speed of the talk is depicted. The three main
lines display the gathered group’s minimal, maximal and average values at
a particular point in time. If the user was a member of the audience in that
presentation, the fourth line will show his or her own meter-values during the
presentation. In the case where the user was the presenter, the fourth line will
show how many audience members were actively participating at any point of
time when feedback was given. With this information, better conclusions can be
made about the meaning of a particular aggregated meter value at a point in time.
Additionally, the timeline displays the topics that were marked as shareable
and their corresponding information. To further narrow down the time interval
that should be displayed, a time filter is available. Below the timeline, polls that
have been asked and answered are shown. Furthermore, anonymously asked
questions are also available and can be sorted based on their corresponding
ratings, votes, and time of asking. Lastly, the anonymous feedback is displayed
at the bottom of the report. With these feedback comments from the audience,
additional information about the presentation that could not be covered with
the default LIM App functions can be found out.
Android Version
This version of the LIM App is implemented for any device with Android1
operating system (version 2.2 and up). The Android app is focused on ease of
use to provide an unobtrusive and seamless way of participating and giving
feedback. Because of the small screen that mobile devices tend to have, the
1 http://android.com
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Android version does not allow reviewing the data in My Events. In the following,
the interface and functionality of the Android app will be briefly presented. It
can be noticed that this is a subset of the features from the web application.
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When users enter the app, they can log in and register. After logging in, they
are redirected to the screen that allows joining a group (see Figure 6.14a). Once
they are logged in to the group, users can touch the screen and capture their
feedback with the meter. By tapping on the screen which constantly shows the
evolution of the feedback (Figure 6.14c), the meter appears and the participants
can move the slider for feedback input (Figure 6.14b). This way, they can update
their feedback value by just moving a finger somewhere on the screen relative
to the y-axis. This value reflects their current opinion or perception without
having to look at the device. The history graph shows three different aspects
in a timeline, as described before. The blue bubble (bottom right corner of the
graphic) allows users to track interesting topics or leave comments about things
that happen during the presentation (certain topic, certain slide, etc.).
All the functions of the LIM App are accessible via the menu of the mobile
device (see Figure 6.15a). It allows selecting the time scale of the evolution
graph, logging out, disconnecting from the current group, and accesssing polls,
questions, and feedback. When a presentation or event is over and the presenter
(master) closes the group, all users of the application are notified accordingly
(see Figure 6.15b).
Figure 6.16 shows some additional screens of the Android application. The first
screen (Figure 6.16a) allows users to create a new poll and suggest it to the
presenter. The second screen (Figure 6.16b) shows the list of questions asked
by the audience and their ratings. At the bottom, the user can suggest new
questions. Finally, the last screen shows the written feedback feature which
allows sending anonymous comments to the presenter which will be available
in the event report (Figure 6.16c).
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Figure6.13.:FeedbackReportofapresentation,showingthefeedbacktimeline,askedpolls
andpostedquestions
Figure6.14.:LIMAndroidApp:(a)Joiningagroup,(b)meterwithsliderforvalueinput,and
(c)evolutiongraphwithtopicmarker
206
6.2. Live Interest Meter
Figure6.15.:LIMAndroidApp:(a)Menutoaccesstheseveralfunctionsand(b)notification
receivedbymembersintheaudiencewhenthepresenterclosesthegroup
Figure6.16.:LIMAndroidApp:(a)Suggestingapolltobeopenedbythepresenter,(b)listof
questionsaskedandrankedbyaudiencemembers,and(c)writtenfeedbackthat 
canbesenttothepresenter
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6.2.4. Implementation
The LIM App is implemented as an application that follows a three-tier architec-
ture, as shown in Figure 6.17.
Presentation
Application
Data & Storage
HTTPS HTTPS
Apache HTTP 
Server
Apache Tomcat
Application Server
Openfire XMPP
Server
Web Client Android Client
redirect 
request
XMPP 
communication
Figure6.17.:ArchitectureoftheLIMplatform
Presentation
There are two interfaces available for the LIM App: a web application and
a mobile application. The LIM App was initially developed as an Android
application, which has been implemented in Java. Additionally, a JavaScript (JS)
client was developed in order to make the LIM available for other devices and
platforms (tablets, laptops, etc.). It is implemented in Java and is compiled into
a deployable web application based on JavaScript and CSS using the Google
208
6.2. Live Interest Meter
Web Toolkit. This JS client allows users to connect to the Java application server
(Apache Tomcat2). Client and server communicate via HTTPS requests.
Application
The LIM App communication is based on the Extensible Messaging and Presence
Protocol (XMPP3), a communications protocol for message-oriented middleware
based on XML (Extensible Markup Language). The JS client uses Bidirectional-
streams Over Synchronous HTTP (BOSH4) as an extension to push messages to
clients as soon as they are sent. All communication in the system occurs from
client to master or the other way around, and there is no direct communication
between clients. The Smack5 (web) and asmack6 (mobile) libraries were used
as client libraries for XMPP. XMPP was chosen as the communication protocol
for the LIM App because it provides a simple mechanism to create and manage
groups with a bi-directional communication. The data messages exchanged
through the XMPP protocol between master and clients are coded in JSON7
format. In the case of the JS client, google-gson and jQuery are used in order to
parse the JSON messages. Decoding and encoding of messages in the Android
application is done using the Gson library.
Data and Storage
The LIM App stores the data from the group sessions in a MySQL8 database.
The data layer is implemented using the object-relational mapping library
Hibernate9, which provides a framework for mapping the object-oriented do-
main model to the relational database. The implemented data model can be
seen in Figure 6.18. The data about the creator of the group (presenter), the
questions asked, and the polls conducted are associated with the group session.
The meter configuration, meter feedback, and topic data are associated with a
group client. The relationships between the tables ensure that users can access
the data gathered of all presentations where they have participated in, either as
presenter or as audience member.
2 http://tomcat.apache.org/download-70.cgi
3 http://xmpp.org
4 http://xmpp.org/extensions/xep-0124.html
5 http://www.igniterealtime.org/projects/smack
6 https://code.google.com/p/asmack/
7 http://www.json.org
8 http://www.mysql.com
9 http://hibernate.org/
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Figure6.18.:DatamodelimplementedintheLIMApp
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6.3. Evaluation Approach
First tests with an initial prototype proved that the LIM App is especially valu-
able for settings where there is a numerous audience or the event is done virtu-
ally, as the presenter lacks a direct personal communication with the members
of the audience. We also identified that events where there is not a defined
presenter but which are based on informal discussions among many participants
do not offer the appropriate conditions to use the LIM App.
We evaluated the main concept of feedback tracking with the first prototype of
the LIM App (see Section 6.2.2) in an initial formative evaluation, conducted
in a project meeting (Section 6.4). Afterwards, with the aim of refining and
further developing the application, we conducted a design study consisting of
interviews with end users and an online survey (Section 6.5).
The development of the second prototype (see Section 6.2.3) focused on the
review of the data after the presentations, by implementing user profiles and data
reports. This second prototype was evaluated in two formative user studies in
several work contexts, including lectures, research and business (see Sections 6.6
and 6.7). The LIM App did not undergo major changes after these last formative
studies, but they served to prepare the application for the summative evaluation
(see Section 6.8), both from a technical and usage perspective.
In this particular use case, members in the audience are the ones who are pro-
viding feedback to the speaker. Therefore, these should also perceive a benefit in
order to be motivated to gather the data. In order to assess this, the conducted
evaluations included not only feedback from the speaker (e.g., the lecturer) but
also from the audience (e.g., students).
A chronological overview of the studies and evaluations conducted with the
Live Interest Meter (LIM App) is given in Table 6.3. In the following sections, the
procedure and the results of each evaluation are described in detail. In total, five
studies with 294 participants involved were conducted with the LIM App.
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Table6.3.:OverviewoftheLIMAppevaluations
Type of
Evaluation
Organization/
Setting
App
Version
Participants Start–End
Formative ProjectMeeting 0.6 10 researchers 28-06-2011
DesignStudy HSKA* 0.6 39 lecturers 21-05-2012
48 students 27-06-2012
Formative HSKAandKIT** 1.0 3 lecturers 01-07-2012
44 students 20-12-2012
Formative Business,academicandscientific*** 1.0
6 presenters 16-04-2013
14 customers 16-01-2014
Summative Germanuniversity 1.0 1 lecturer 24-03-2014
129 students 11-06-2014
*HSKA: Hochschule Karlsruhe
**KIT: Karlsruhe Institute of Technology
***Involving British Telecom, Tracoin Quality, Cyprus University of Technology, KIT, and FZI
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6.4. Formative Evaluation I:
European Project Meeting
This first formative study was conducted to evaluate the main concept behind
the LIM approach and refine the investigated use case. We collected feedback
on usability, intention of use, and usefulness. Additionally, as the LIM App is
used while performing a presentation and this can result in a high cognitive
load, we evaluated the subjective mental workload that the application requires.
It consisted of an informal test of the LIM App in a project meeting. This study
has been partly presented in Rivera-Pelayo et al. [2013a].
6.4.1. Procedure
The first study with the LIM App was conducted during a project meeting of a
European Project. The meeting had a duration of two days (from June 28 to June
29, 2012) and the application was used during the first day. The meeting was
organized to analyze the progress and discuss further activities. The project was
constituted by 12 international research institutions from Great Britain, Spain,
Austria, Switzerland, and Germany. In total, 20 project members were part of
the meeting. Out of these, 10 participants used the LIM App and participated in
the evaluation.
At the end of the app usage, we distributed a questionnaire to evaluate partici-
pants’ feedback. The main topics assessed with the questionnaire were the influ-
ence on the presentation, effects on distraction, benefits of feedback capturing,
and peer comparison. All questions were evaluated with a 5-point Likert scale.
Finally, we used an unweighted or Raw NASA-Task Load Index (RTLX) [Hart,
2006] to assess the subjective mental workload of the application. The RTLX is a
multi-dimensional scale designed to estimate mental workload while perform-
ing a task. The workload is estimated as the combination of six independent
subscales: Mental Demand, Physical Demand, Temporal Demand, Frustration,
Effort, and Performance. The subscales, ranging from 1 as optimum and 20 as
worst value, were averaged to calculate the overall workload score.
6.4.2. Results
The first questions of the questionnaire referred to the overall influence and 
usage of the LIM App in the meeting. The overall influence10 of the LIM App 
in the meeting sessions was rated with an average value of M = 2.6 (SD = 0.97),
10 “How would you rate the overall influence of the LIM App on the sessions?”
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indicating a neutral influence on the meeting. The distraction11 caused by the 
LIM App (assessed with a scale from 1 = not at all to 5 = very distracting) was 
evaluated rather low (M = 2.4; SD = 1.07).
We investigated the purposes for which the LIM App was used as well as for
which purposes it was more suitable according to the participants. Figure 6.19
shows a summary of the obtained results. Participants had the option to add
additional purposes, but other purposes besides the ones in the provided list
were not suggested.
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Figure6.19.:Meanandstandarddeviationforeachpurposeforwhichtheparticipantsused
theLIMApp(1=verybadto5=verywell)
The results show that this first prototype of the LIM App succeeded in its main
purpose; i.e., to track the interest of the audience. The meter interface, conceived
to track interest, appeared to be easy to use and intuitive. The lowest rating
was given to the review of the interest history. This may be affected by the fact
that the user has to explicitly go to the history mode after the event and many
of the users concentrated on using the app mainly during the presentation. A
remarkable result is the high rating that participants gave to the purpose of
playing with the app. Being the first time they use such a tool and using the
novel analogy of being a meter may have contributed to this fact. It was intended
to be a dynamic, appealing and fun application, but we have to consider this
carefully in order to avoid too much distraction during its usage.
The questionnaire also contained questions about the usefulness of the group
feedback for both speaker and audience12, rated with a 5-point Likert scale (1 =
negative to 5 = positive). The usefulness of the group feedback for themselves
11 “Did the LIM App disturb you or distract your attention during the meeting?”
12 “Please rate the usefulness of the group feedback for yourself/the speaker.”
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(M = 4.00; SD = 0.82; N = 7) was clearer for the participants than the useful-
ness for the presenter (M = 3.50; SD = 0.53; N = 10). The usefulness for the 
presenter was influenced by the type of meeting as well as by the fact that it was 
only used during a short period of time during the meeting and not in several 
presentations/meetings or to review how the meeting was thereafter.
Regarding the user interface (UI), the users considered that the history graph 
reflects well the interest evolution of the meeting (M = 3.80; SD = 0.92; N = 10). 
Suggestions made to improve the UI included having a bigger dot for indicat-
ing the interest, displaying a larger average line, and providing a scrollable 
navigation history.
We asked participants if they would like to use the LIM App regularly and
why. We received a negative answer from 20% of the participants (“Added value
not easy to see”), whereas 50% would maybe use the app regularly (“Might be
interesting if the speaker reacts on feedback,” “to influence the speaker”) and 30%
confirmed that they would definitely use it in the future (“I like the idea of instant
and interactive feedback”).
We obtained valid answers to the NASA-RTLX scale from nine participants,
which are summarized in Table 6.4. We obtained an overall workload score
of 4.61. Examining the subscales, frustration and physical demand achieved the
best results. On the contrary, the poorest results were obtained for effort and
mental demand needed, though with a high standard deviation that indicates
disagreement among participants.
Table6.4.:DescriptivestatisticsforeachsubscaleoftheRawNASA-TLXscaleandtheuser
scorecalculatedbyparticipantamongallsubscales
Min Max Median Mean SD
Mentaldemand 2 14 4 5.78 4.15
Physical demand 1 4 3 2.78 0.97
Temporal demand 1 12 3 4.44 3.24
Performance 1 11 3 4.78 3.83
Effort 1 20 4 6.11 5.95
Frustration 1 10 4 3.78 2.82
RTLX User Score 3.5 4.61 1.95
At the end of the questionnaire, participants could give some final comments.
They highlighted the simplicity of the app as well as the ease of use and un-
derstanding of the app concept. One participant suggested that it would be
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very useful for the presenter to see the time of the presentation. With respect to
the usage scenario, they emphasized that it would be better for conferences or
lectures, and mentioned that, for such a meeting, a web interface would be very
useful; e.g., to prepare polls for the presentation. The duration of the battery in
some of the participants’ mobile phones was the main technical problem.
During the evaluation we could also gather some informal feedback and sug-
gestions from the participants. One user said that he or she would like the app
to remind him or her about introducing his interest; for example, the applica-
tion could vibrate to attract his attention. They also suggested that conferences
or lectures may be more suitable scenarios to use the LIM App, compared to
discussion-oriented sessions as the one they had. Some comments on the UI
referred to the possibility of ranking the polls and showing them again in the
end or showing a summary to the presenter (master) when all polls are closed.
From several informal discussions during the meeting, we perceived that all
participants liked the concept of the LIM App and found it was a good and
innovative idea.
6.4.3. Discussion
In these informal tests, we gained the first insights about the Live Interest Meter.
Summarizing these insights and the comments of participants, we can conclude
that the LIM App is suitable for big audiences where personal contact is not
established but it is not suitable for events which are discussion-driven, as then
the role of the presenter is not well defined. Participants needed an adaptation
phase to achieve the integration of the app in their ongoing work tasks. Some
technical problems with the Wi-Fi and high battery consumption could have
influenced the answers of the participants and introduced biases, especially in
questions referring to distraction or influence on the meeting.
The evaluation results show that the introduction of a Quantified Self approach
to quantify feedback in the form of a meter value can be successful and is initially
well accepted. The users recognized the advantages of tracking their interest
and saw the potential of reflecting on the tracked data. In this first study, we
used only a mobile version of the LIM App for Android. It was proven that a
mobile version is beneficial for tracking as it allows interacting with the meter
while doing other tasks. However, for features that require the input of text (e.g.,
creating a poll) a web interface may be more practical.
These insights were taken into account in the subsequent studies and evaluations
as well as in the further development of the LIM App.
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The aim of this user study was to investigate the acceptance and perceived
usefulness of the LIM App, as well as the refinement of the features of the first
prototype. Therefore, this study was not an evaluation of the tool but a study
to inform the further development of the tool based on the users’ needs. It was
conducted in mid 2012 and its results contributed to the development of the
second prototype of the LIM App as well as to the understanding of the support
of reflective learning in presentations and lectures. The study reported herein
was published in Rivera-Pelayo et al. [2013a].
6.5.1. Procedure
The study was divided in two phases. Firstly, we performed several interviews
with target users and subsequently we conducted an online survey. It was
designed around the following research questions:
• RQ1: In which scenarios and how can the quantification of feedback
performed by the LIM App support reflective learning?
• RQ2: Which features are more appreciated by users, both presenters
and audience?
Interviews
Initially, 20 qualitative interviews with groups of the LIM App end users were
conducted in order to investigate the use case scenarios and the application
of the LIM App itself. The interviewees were end users including professors,
teachers, and students (from both faculties of pedagogy and informatics). In this
way, we covered both groups of presenters and audience. These interviews not
only enabled us to get qualitative feedback, but served as input for the design of
the subsequent online acceptance study.
The goal of the interviews with presenters and lecturers was to find out which
methods they used to get feedback in their presentations, which aspects of the
LIM App they like best for the collection of feedback, and which results are
the most interesting for them. Furthermore, which features are obstructive and
which other new features the presenters and lecturers would like to have. Like-
wise, the interviews with the potential audience intended to collect suggestions
and opinions regarding positive and negative aspects of the LIM App as well as
to get to know which expectations they have for the use of the application.
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Survey
In a second phase, we conducted an online survey based on our experience and
the feedback from the interviews. The survey contained questions related to
the use case of the LIM App as well as to the application itself. Our aim was
to get to know the disposition, opinion, and ideas of potential users. For that
purpose, we explained them the concept of reflective learning and its support
with the LIM App (including screenshots), before asking them several questions
for assessment and evaluation.
Participants
The survey was online for a month (from May to June 2012) and 120 people
participated. In total, we obtained 87 valid and complete datasets. Due to the first
selective questions about the role of the participants regarding their participation
in presentations (as presenter or audience), we intentionally skipped people
who did not fit one of the two roles. With this intentional constraint, we aimed
at reaching potential users that know and understand the context of our work
and the use of the LIM App.
From the total number of participants (N = 87), 39 (44.82%) give presentations 
professionally; e.g., as a teacher, professor, or in conferences; whilst the other 
48 (55.17%) participants do not give presentations but attend them. In order 
to diversify the participants’ background, we distributed our survey through 
various channels: personal relations to professors, colleagues and institutions, 
social media, and our website.
Participants in the survey do presentations in different contexts: teacher at
school (7.69%), lecturer at a university (41.02%), speaker in conferences (56.41%),
or presentations as part of their professional work (56.41%). Regarding their
audience, only 12.81% speak before more than 60 people, whereas the majority
of the participants have audiences of 11-30 (46.15%) or 31-60 (25.64%) people.
The 48 participants who do attend presentations do it as students (89.58%), in
their free time (8.33%), in conferences (6.25%), and/or at work (22.91%). The
age distribution of the participants was the following: 17-24 (36.78%), 25-35
(41.37%), 36-50 (12.64%), and more than 50 years old (9.19%). Regarding their
educational background, 48.27% of the participants had a technical and 37.93%
an economical background, whereas 6.89% had studied pedagogy or other disci-
plines (6.89%).
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6.5.2. Interview Results
Many speakers or lecturers already collect feedback from their presentations and
lectures, but they do it in conventional ways, through written questionnaires or
direct contact with their attendants. Technology-supported feedback systems
were not used among the participants and the idea of having a system like the
LIM App, which allows them to give and get feedback, was very well received.
This was also true for the audience, who was willing to give feedback not only
after but also during lectures. Additionally, according to participants, feedback
anonymity would result in higher audience participation and students would
voice their own opinion more openly, without the fear of contradicting opinions
or ideas. Some students mentioned that giving negative feedback anonymously
would make sure that their grades would not be affected, while they could still
give the teacher honest feedback.
The poll function was considered especially useful for lectures, because it allows
lecturers to quickly evaluate the knowledge of their students. This would help
lecturers and professors adapt their lecture to the participants’ knowledge; i.e.,
whether a certain topic is unclear and therefore needs further explanations or
the presenter can move on to the next topic. On the other hand, the chat was
considered unnecessary, as it allows a higher level of interactivity in the audience
which may end up to be a higher distraction.
All interviewees who usually give presentations had concerns regarding the
use of a system to give feedback during the event. Many of them were afraid
of the distraction to both presenter and audience, if they focus more on the
application itself than on the content of the lecture. From our experience, not
everybody trusts themselves to be able to react to the response of the audience
and adapt the course of a presentation on the fly. This might prove to be a source
of frustration, as people in the audience may expect a fast adaptation, whereas
the presenter may only be able to show a long term improvement.
Regarding the anonymity of the users, on the one hand, this allows a higher
level of participation but, on the other hand, it can be misused. One interviewee
suggested that people in the audience could agree on giving a certain feedback to
the presenter (e.g., intentionally giving negative feedback) and this would lead
to a corruption of the results. The sincerity and credibility of the feedback cannot
be proven in such a situation. Another point was the possibility of making the
feedback more constructive in order to contribute to the presenter’s development
or improvement.
Many interviewees agreed that reflection needs time and, therefore, they would
prefer reflecting after the event had taken place than during the presentation
while feeling under pressure.
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Finally, some interviewees remarked that the use of such a system would be
possible in universities and colleges, but not in schools, due to the fact that the
use of laptops and smartphones is not so widespread and even prohibited in
some cases.
6.5.3. Survey Results
The first part of the survey contained questions about the use case in which
the LIM App is used and how it can influence and provide benefits for the end
users. Questions referring to the role of the presenter (e.g., in which context their
talks are given) were only asked to participants who had confirmed that they
give talks and presentations, whereas other questions concerning the role of the
audience (e.g., which criteria they would like to evaluate) were only answered
by the rest.
From the presenter’s side, nearly 90% of the participants would like to get
feedback after each presentation, whereas around 72% would also agree to
get feedback during the event, for example after each section (see Figure 6.20).
Receiving feedback live during the whole presentation was chosen as ideal by
12.82% of the participants and as OK by 25.64%, but 33.33% were indecisive,
10.26% considered it to be tight (just enough), and 17.95% thought that collecting
feedback during the whole presentation is insufficient.
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presenter)?
Figure 6.21 shows how likely presenters consider that they will react to the
feedback they are receiving. Although the pressure for immediate feedback
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adaptation was a concern among many participating presenters, 53.84% think
that they could achieve it during the presentation. Reacting to the feedback
periodically (e.g., some days later) and in relation to the content blocks (e.g.,
between content blocks) seems to be the most popular option (76.91%), what may
be directly related to reflective learning practices from the data they gathered in
past events.
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All respondents expressed their opinion regarding several aspects of the LIM
App, like if the adoption of a tool like this would completely distract the audience
(18.39%: strongly agree, 56.32%: agree, 20.68%: disagree, 1.14%: strongly disagree)
or if feedback must be anonymous in order to be reliable and honest (41.37%:
strongly agree, 27.58%: agree, 26.43%: disagree, 3.44%: strongly disagree).
In the survey, we also asked about the capturing of the feedback data. In this
regard, 64.36% of the participants agreed with data collected live and contin-
uously being better and more significant than only periodically collected data
(see Figure 6.22).
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The second part of the survey contained questions about the concrete char-
acteristics that the LIM App offers and which new features would improve
the application. The chat function in the LIM App was considered unneces-
sary (4.59%: very meaningful, 16.09%: rather meaningful, 43.67%: unnecessary,
33.33%: absolutely unnecessary, 2.29%: I cannot judge). On the contrary, the
participants appreciated polling questions (34.48%: very meaningful, 54.02%:
rather meaningful, 8.04%: unnecessary, 3.44%: absolutely unnecessary) and also
the possibility to review old polled questions (28.73 %: very meaningful, 50.57%:
rather meaningful, 13.79%: unnecessary, 2.29%: absolutely unnecessary, 4.59%: I
cannot judge).
We also investigated the differences between the information the speakers would
like to know about and the information that people in the audience are willing to
evaluate and give feedback about. Figure 6.23 shows that speakers and audience
members agree on pace and clarity of examples being important, but disagree
regarding the slides and documents of the lecture.
Finally, as Figure 6.24 depicts, participants considered the comparison among
presenters and their performances more meaningful for them than comparing
the feedback given by the students. Regarding this issue, comparing different
presenters and their lectures is not our main objective, because they do not share
the same context and therefore feedback would be difficult to be meaningful as
would be learning something from it. Nevertheless, our approach is twofold:
from the presenter’s perspective comparing all events where one person has
participated in and, from the audience’s perspective, comparing all events where
one person has given feedback in.
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Participants in the acceptance study also gave their general opinion about any
functionality they would like to have or any comment they had on the LIM
App. Some of them agreed that the application should be kept as simple as
possible and should be easy to use. One respondent expressed concern regarding
the misuse of the application and therefore did not consider full anonymity a
possibility, but rather the use of nicknames or pseudonyms. Regarding the
scenario where the LIM App is used, two participants would also like to have
support for practical lectures or labs, which are more interactive and the role of
the presenter is less relevant. However, the LIM App was designed and is more
suitable for the scenario described above (see Section 6.2). There were also very
interesting and useful suggestions regarding the interface of the LIM App; e.g.,
showing a clock with the time or countdown or having templates for polls with
yes/no answers, etc. Finally, one participant found the LIM App an exciting
project, despite having concerns about the confidence of the presenter to react
and adapt to students’ requirements.
Summarizing the positive results, more than 3/4 of the participants (78.16%)
in the survey found the idea behind the LIM App very positive and found
advantages in using it. More than half of them (57.47%) would like to test the
Live Interest Meter application.
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6.5.4. Design Choices
Taking into consideration the results of this study, the LIM App was redesigned
and subsequently the second prototype was implemented. The resulting de-
sign choices were instantiated through mock-ups, which served as (i) basis for
discussions and (ii) guide for the development of the prototype.
Figure 6.25 shows a representative sample of the generated mock-ups. The
notes on the side of the mock-ups contain details about the interaction and
dynamic components of the UI. New dashboards were designed to satisfy the
needs of both roles involved; i.e., members of the audience (see Figure 6.25a)
and presenter (see Figure 6.25b). In both dashboards, questions and polls were
accessible through a menu or tab system situated in the upper part. When
selecting the corresponding icon, the panel with polls or questions appears
(see Figure 6.25c and d). The interesting topics were added to the audience
dashboard, as they would be responsible for contextualizing the feedback in this
prototype (see Figure 6.25e). Finally, with the creation of the My Events section,
the display of the gathered data in a report was designed (see Figure 6.25f).
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Figure6.25.:LIMmock-upsusedtodiscussevaluationresultsandguidefurtherdevelopment:
(a)Audiencedashboardwithpoll, (b)presenterdashboard,(c)pollspanel,
(d)questionspanelwithnotifications,(e)audiencedashboardwithtopic
markers,and(f)reportofapresentation.
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6.5.5. Discussion
We conducted a user study to investigate the acceptance, perceived usefulness,
and potential improvements of the LIM App. This user study delivered a highly
positive resonance and the idea of using a technology-driven feedback system
was well received. Test subjects recognized the advantages of the feedback
system, both during and after the lecture, and saw a possible benefit in its use.
We also confirmed one of the main fears of end users: the potential distraction
of the audience, by concentrating on the application instead of the presentation
itself. In order to improve this, we addressed this issue in different directions;
e.g., by keeping the application as simple as possible to demand the minimum
cognitive effort from users. To this end, the next prototype only showed the
necessary information to the users or we offered an introductory training to
teachers in order to show them how to integrate the LIM App in their lectures
and make the best of it. Nonetheless, the success of related approaches [Teevan
et al., 2012; Munday, 2012] that achieved engagement of users instead of their
distraction opens the door to minimizing this issue.
The captured data are not only useful for reflection-in-action (live), but for the
subsequent reflection-on-action as well [Scho¨n, 1984]. In order to support the last
one, the reviewing of past events becomes crucial. Our efforts in developing the
next prototype of the LIM App focused on improving the support of recalling
and revisiting past events, by creating a platform that allows users to explore
their gathered data retrospectively. Additionally, further improvements based
on the feedback from the user study were adapted; e.g., alternatives to the
chat functionality were explored and features to support the presenter, such as
notifications in relevant situations or a time reference were adopted. With the
new prototype (see Section 6.2.3), we were able to evaluate the real use of the
application in the field and, in this way, validate our current results, which show
the expectations and opinions of the end users of the LIM App.
6.6. Formative Evaluation II: Hochschule
Karlsruhe and Karlsruhe Institute
of Technology
We conducted a first formative evaluation of the second prototype of the Live
Interest Meter. This evaluation took place between July and December 2012
and was conducted at the Karlsruhe Institute of Technology (KIT) and the
Hochschule Karlsruhe (HSKA). The main goal of this evaluation was to evaluate
the added benefits of the features implemented to support the recalling and
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revisiting of past events; i.e., My Events, which allowed users to explore their
gathered data retrospectively.
For further details about this formative evaluation, the reader can refer to its
publication [Rivera-Pelayo et al., 2013b].
6.6.1. Procedure
The LIM App was tested and evaluated in three different lectures (see a sum-
mary in Table 6.5). The main lecture (Group M) was using the LIM App during
its sessions in three consecutive weeks and, besides the lecturer, consisted of 19
students aged 19 to 25 years. It was a Computer Science lecture with undergrad-
uate students. In the first and last lecture session, the tracked meter value was
“Speed”, whereas in the second lecture the meter title was “Comprehension.”
The other two lectures used the LIM App only in one session. The first one
(Group S) had a highly active and small audience (13 students). From the 13
Masters students that participated, 11 filled out the questionnaires. The age
distribution of the students goes from 20 to 26 years. The lecturer also configured
the meter to track the “Speed” of the talk. This was a mathematics lecture and,
besides having a small group, the lecturer and her students already knew each
other for several semesters.
The last lecture (Group L) had a large audience with much less student activity.
From the 50 students that used the LIM App, only 15 of them filled out the
questionnaire at the end of the lecture, whereas the rest had given feedback in a
verbal manner. This lecture was part of a Bachelor of Science in Management
and Economics. The tracked value was “Quality.”
Table6.5.:Descriptionofthethreelecturesparticipatingintheevaluation
Group Sess. Partic. Degree – Field Tracked aspects
S 1 11/13 MS – Mathematics Speed,
M 3 18/19 B – Computer Science Speed, Comprehension
L 1 15/50 B – Mgmt. and Economics Quality
*No. of valid responses / Total number of students in the lecture
At the end of the trials, a questionnaire was distributed to lecturers and students.
The questionnaire addressed four main topics: features of the LIM App, level
of participation, thoughts about learning by reflection, and outcomes and work
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assessment using the LIM App. One researcher of the LIM team was present at
the lectures to assess the presenter and students as well as to follow the course
of the evaluation.
6.6.2. Results
The LIM App was used for 83 minutes on average. The polling function was only
used by the presenters in Group M and L. Every presenter used the question
functionality at least once in their lecture, and there were 17 questions in the
lecture with the greatest attendance (Group L). After every lecture’s end, all
presenters checked the My events page to explore the data and reflect on past
presentations.
One presenter agreed strongly with the LIM App helping her reflect on experi-
ences from work. On the statement that the LIM App has helped by providing
information relevant for the decision to reflect, as seen in Figure 6.26, one pre-
senter did not agree (Group S), but the other two did. The same two presenters
agreed that the LIM App helped them remember and reconstruct an experience.
It can be also seen in Figure 6.26 that the two presenters agreed on the statement
that the LIM App helped them collect information relevant to reconstructing
work experiences. They also agreed that relevant content is provided for the
reflection to take place, where the presenter from Group S remained neutral.
Allowing the audience members to send general feedback has proved to be a
great support for reflection.
Related to the main goal of using the LIM App, all three presenters agreed that
it is important to improve their presentation skills. When asked if they would
use the LIM App regularly, every lecturer gave a different answer. In the case
of Group M, the lecturer stated that he would use it regularly, as it allows the
comparison of different teaching strategies. In the case of Group L, the answer
was maybe, because it was not clear if the LIM App has distracted the students
following the lecture. As for Group S, the answer on regularly using the LIM
App was negative, being affected by the high interaction already existing in
the group.
The evaluation results from the perspective of the audience were overall positive.
In the informal interviews we had with them, Group M stated that it was a nice
way to give some instant feedback and ask questions anonymously during the
presentation. It was also discussed that, to truly benefit from the LIM App,
a longer and more frequent use would be needed. Group S thought that it
improves lecture participation and that they would rather be able to control the
speed of the presentation to some degree.
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In Group M, when asked if the LIM App provided help in collaborating with
other members of the audience, only 4 (22.22%) disagreed whereas 7 agreed
and 2 agreed strongly (making it together 50%). Such results prove that by
removing the chat, as suggested in our previous evaluation (Section 6.5), the
level of useful collaboration did not drop. Additionally, 7 (38.88%) students
stated that the LIM App guided them in re-evaluating an experience. When
taking into consideration the average value of how many times the LIM App and
its My events page were used, a correlation can be determined between agreeing
on questionnaire statements and the frequency of using the LIM App.
In the feedback section at the end of the questionnaire, some students suggested
embedding presentation slides in the application as it would result in using the
LIM App more frequently. When asked if they would like to use the LIM App
regularly, 4 (22.22%) students said yes and 11 (61.11%) students said maybe,
also stating that (i) the LIM App is fun, (ii) better than the usual way of giving
feedback, (iii) provides a possibility to participate personally in the lecture, (iv)
allows asking questions and giving feedback anonymously, and (v) it is good to
use it frequently so the lecturer is able to adapt to the needs of the students.
As for the Group S, to the statement that the LIM App was helping them pay
more attention to the held mathematics lecture, 3 (27.27%) students strongly
disagreed, 1 (9.09%) disagreed, 4 (36.36%) remained neutral, 1 (9.09%) agreed
and 2 (18.18%) students did not answer at all. The majority, with 6 (54.54%)
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students, agreed and 1 (9.09%) student strongly agreed on the statement that it is
important to get involved in the lecture and contribute with feedback. However,
it was experienced that the LIM App was not needed in such highly interactive
small lectures.
Regarding Group L, the meter component was used during the entirety of the
presentation. The general feedback functionality had a high usage and polls
were used by the presenter as introduction in the topic. On providing help in
collaborating with audience members, similar to Group M, 3 (27.27%) disagreed,
3 (27.27%) remained neutral, 5 (45.45%) agreed on the statement. When asked if
the LIM App is guiding them in re-evaluating an experience, 5 (45.45%) students
agreed and 4 remained neutral (36.36%). As for using the LIM App regularly, out
of 10 students answering the question, 30.00% answered with maybe and 40.00%
said yes, arguing in one case that it provides good reflection on the situation.
Finally, students from all groups mostly agreed that it is important for presenters
to constantly improve their presentation skills.
From the additional suggestions, four students stated that the topics shown on
the evolution graph should display the additional information with which the
topic was annotated on mouse click, as implemented in the My events page. One
of the most suggested improvements was to incorporate the presentation slides
in the LIM App and to correspondingly adapt the topic marking functionality
because it would allow the audience members to take notes for a specific slide.
Being present during the lectures also provided some general insights on which
factors are promoting or affecting the use of the LIM App. One interesting thing
could be noticed in all groups regarding the motivation of data sharing. Taking
Group S as an example, roughly five minutes after the lecture had started, the
first topic was marked by a user. In a short while, three additional topic marks
came, which were followed by two more in a few seconds. A topic mark by one
user has clearly triggered the attention to the presentation context by the other
users which they also recognized to being something important to remember
later. Also, in one session of Group M, the LIM App was not once mentioned
during the lecture and the presenter did not look at the LIM App at all which
resulted in a very low usage of the application during the lecture. This fact
showed that in order to get major benefits from the LIM App it is necessary to
integrate the application in the lecture’s normal workflow.
6.6.3. Discussion
In this evaluation, it was shown with the developed Live Interest Meter ap-
plication how learning by reflection can be supported with a Quantified Self
tool. This was the first evaluation of the LIM App in the field and allowed us to
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confirm the feasibility of the approach in a classroom setting. In accordance to
the results of the analysis, reflection took place by the users who used the LIM
App often. A key factor in collecting data for reflection is the presenter itself and
how he or she engages the audience to participate and integrate the LIM App
in the lecture. This relation was deducted from analyzing the questionnaires
and seeing that the users who agreed with statements referring to the reflection
support are the ones who actually used the LIM App most, during and after
the presentation. This fact also suggests that a brief training would be needed
in order to introduce the LIM App and optimally integrate it in the lecture.
Taking the results into consideration, it is clear that the target areas for the LIM
App are indeed presentations with a large audience number and little or no
student-lecturer interaction.
6.7. Formative Evaluation III:
Business, Research and Lectures
Before conducting the final summative evaluation, a formative evaluation with
several professionals from the business, academic, and scientific branches was
conducted. The goal of these small tests with end users in different work settings
was twofold: (i) to widen the scope of usage of the Live Interest Meter and (ii)
to refine the application and conduct the necessary preparations for the long-
term summative evaluation. Additionally, some trials had to be performed and
technical issues had to be solved in order to achieve a stable version that can be
used in several university lectures during a long period of time.
These trials consisted of the usage of the Live Interest Meter for one to five
sessions and were carried out in several settings: two business events organized
by British Telecom and Tracoin Quality, two lectures at Karlsruhe Institute of
Technology, a lecture at Cyprus University of Technology, and two presentations
at FZI Research Center for Information Technology. The evaluation tools used
to gather feedback from the participants include questionnaires and informal
feedback from the speakers, depending on each concrete test.
A total of six professionals used the LIM App during their presentations. Ta-
ble 6.6 shows an overview of tests that were conducted and, in the following,
we explain the procedure and obtained results in detail.
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Table6.6.:Overviewofformativetrials:participants, timeperiod,numberofpresentations,
andevaluationtoolsused
ID Profession Country Period No. Evaluation
Tools
A Managing
Consultant
Netherlands 16-04-2013 1 Interview
B Project
Manager and
Consultant
Netherlands 16-04-2013 1 Interview
Audience
feedback
C Lecturer at
University
Germany 02-07-2013
to
09-07-2014
2 Interview
D Professor at
University
Germany 21-10-2013
to
11-11-2013
3 Questionnaire
Interview
E Researcher
and Lecturer
Cyprus 01-11-2013
to
07-11-2013
2 Questionnaire
Interview
F Researcher Germany 16-01-2014 1 Questionnaire
Interview
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6.7.1. Tests in Business Context
The LIM has been tested twice in business scenarios. The first test took place
on January 30, 2013 at the Learning Technologies Conference 2013, where one
member of British Telecom (BT) gave a talk about MIRROR and “The role of re-
flection in learning.” The second test was at the MIRROR Roadshow that British
Telecom and Tracoin Quality organized on April 16, 2013 in the Netherlands.
Presenters from the MIRROR team used the LIM App to get feedback from
the members in the audience during their presentation. Informal feedback and
comments were gathered in both events in order to inform the use of the app in
business scenarios. Figure 6.27 shows a screenshot of the data report resulting
from the MIRROR Roadshow event.
Figure6.27.:ScreenshotofthedatareportresultingfromtheMIRRORRoadshowpresentation.
Feedbacktrendandoneofthegatheredtopicsaredisplayed.
Seven members of the audience answered a survey with questions about their
experience with the LIM App. These participants were 4 consultants (2 of them
training consultants), 1 trainer/coach, 1 product manager, and 1 managing di-
rector. Out of these 7 participants, 5 considered it important to contribute with
feedback to the presenter during his or her presentation. Some of their argu-
ments were that “a presenter could look at what the interest was in the things he or
she was telling about. Therefore, the next time he or she could change these things in to
more interesting ones or put a movie/picture between long texts,” “easy to follow and
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interpret,” or “great to submit questions.” The remaining two participants who did
not agree stated their reasons: “I think the presenter has to be coached, because you
can also get very nervous if the feedback is negative. And the presenter must have the
skills to change his way of presenting during the presentation. So maybe as part of a
training session?” and “I find it difficult to listen and react at the same time.”
Two participants mentioned that the features they liked most where rating and
feedback, and the history graphic, because “you can see what other people think
about the presentation and in which parts you thought differently.” Figure 6.28 shows
the obtained results to the remaining questions, which were answered by 5 out
of the 7 participants.
80%
60%
60%
20%
40%
20%
0%
0%
20%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
I think that the LIM App is easy to use
I would like to use the LIM App in more occasions
and be able to compare different presentations
The LIM App disturbed me or distracted my
attention during the meeting
Percentage of responses
Yes Maybe No
Figure6.28.:ResponsesregardingusageoftheLIMApp(N = 5)
At the end of the meeting, we asked participants what they thought about 
improving performance by reflective learning apps on a team and organizational 
level. Some participants had a positive attitude:
“Working with apps is yet future for our organization. Gaming should be also introduced 
in teaching. A good start.”
“People learn all the time just by doing their work. But people are not aware of this all 
the time. Reflective learning apps give tools to—on a  structural basis—be aware of 
your learning activities, be proud on what you did very well and learn from challenging 
situations. And it gives the management or departments like ours the opportunity to 
decide which inventions are necessary to offer (to individuals, groups, teams, etc.)”
“I think these apps could really be of good use, because you can learn from your co-workers 
and also communicate about experiences. I think it will connect people and also make
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them see that they are not alone in struggling trough difficult situations. I think the
apps will make people talk more to each other about these difficult situations. Because
the tools are simple to use, they can be very helpful for learning on demand.”
However, other participants still had doubts about it:
“I think this can only be answered after I have tested 1 or 2 apps.”
“It gives more tools, but I feel it could also shift the attention to the tool or the apparatus
supporting it.”
6.7.2. Tests in Scientific and Academic Contexts
Participants D, E and F answered a questionnaire to evaluate their experience
with the LIM App. In the following, we summarize the main results of the
questions included in the questionnaire (evaluated on a 5-point Likert scale,
from 1 = strongly disagree to 5 = strongly agree).
Participant E agreed with the LIM App helping him or her to reflect on experi-
ences from presentations, whereas Participants D and F remained neutral. To 
the question regarding whether they gained a better understanding of their 
audience, we obtained mixed results (Participant D = 2, Participant E = 3, and 
Participant F = 4). For all of them, capturing feedback during their presentations 
is useful to reflect and think about their presentation skills (M = 3.67; SD = 0.58). 
While Participants E and D agreed with the feedback chart in the data reports 
helping them to remember and restructure what happened during the presenta-
tion, Participant F disagreed. The lack of topics gathered by the audience and 
therefore visible in the report (there was only one topic mark) was the main 
reason for this.
Figure 6.29 shows the answers of the three participants to the app-specific
questions which refer to the support of reflective learning. Results show that
the advantages of the app were recognized mainly by participants E and F. The
long-term usage and higher motivation to use the LIM app was rated higher
by Participant F, than Participants D and E. One of the main issues behind
these results is that participants D and E used the same network to connect to
the Internet (which is offered by the university itself) and they had technical
issues. However, Participant F did not experience any technical problem with
the LIM App.
The three participants would recommend the LIM App to a friend or colleague.
Two of them added a final comment to the questionnaire. Participant E men-
tioned that “this is a great application that certainly has great potential to both students
and instructors. The issues that I had were due to technological constraints (Wi-Fi is-
sues etc). In general, I liked the application and I would certainly use it in other courses.”
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1
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5
I gained a deeper understanding
of my lectures and
presentations.
I see the long-term advantage of
using the LIM App in my lectures
and presentations.
I would like to use the LIM App
continuously as part of my
lectures and presentations.
With the LIM App, I was more
motivated to reflect on work in
general.
Participant D
Participant E
Participant F
Figure6.29.:Post-questionnaire results regarding the app-specific questions referring to
reflectivelearningsupport
Participant F, who used the LIM App during a presentation in a research insti-
tution, commented on the usage of the app during the presentation itself: “I
did not use the app during the presentation because I was afraid I would be distracted.
Further instructions would have been good before my presentation, because then I would
have used it also during the presentation.” In this case, the speaker received a quick
introduction before her talk, which was not enough to understand how much
effort would be needed. Especially in sporadic uses of the LIM App (in contrast
to presenters using it during; e.g., a whole semester), it is important to give clear
instructions to avoid excessive fear of distraction from the speaker.
Questionnaires from Students
In the trial with Participant E, we distributed a questionnaire among the students 
(N = 7). All questions measured their agreement with the questions on a 5-point 
Likert scale (from 1 = strongly disagree to 5 = strongly agree). An exception 
to this was the technology acceptance, which was evaluated by a subset of 
the items contained in the Technology Acceptance Model (TAM) [Davis, 1989; 
Venkatesh and Davis, 2000; Fishbein and Ajzen, 1975] and using a 7-point Likert 
scale. The average score of the 15 items related to the lecturer’s presentation 
skills was very high (M = 4.70; SD = 0.69). Students were satisfied with the 
lecture (M = 4.43; SD = 0.53) as well as with the interaction between them and 
the lecturer (M = 4.86; SD = 0.38). They felt motivated and admitted usually 
reflecting on what they had learned in past lectures (both M = 4.00; SD = 0.58).
236
6.7. Formative Evaluation III: Business, Research and Lectures
They remained neutral to the statement that the comparison of their own feed-
back with the overall group feedback gave them useful information (M = 3.20) 
and that seeing other classmates giving feedback made them also want to do it 
(M = 2.80). They scored the LIM App helping them to pay more attention at the 
lecture slightly above the neutral value (M = 3.20). They were neutral with the 
fact that their classmates had asked questions which they would normally not 
ask (M = 3.40) and that they had asked questions by themselves (M = 3.20). Data 
gathering with the LIM App was considered as slightly relevant (M = 3.60).
Table 6.7 shows the descriptive values of the Technology Acceptance question-
naire, which was answered in the post-questionnaire only by the users who had 
used the LIM App in the two sessions (N = 5). The remaining two users stated 
why they had not used the app: “Lecture purposes, I feel very good about the lectures 
and the lecturer!” and “I knew about it too late.”
Table6.7.:Descriptivevalues(meanandstandarddeviation)foreachconstructofthe
technologyacceptancequestionnaire
Construct Mean SD
Perceived Enjoyment (PE) 4.20 1.52
Perceived Usefulness (PU) 4.24 1.33
Perceived Ease of Use (PEU) 4.35 1.31
Behavioral Intention (BI) 4.25 1.33
Interviews
Several interviews were conducted at the end of the trials, which are summarized
in the following.
An interview with Participant E shed light on their experience and the feedback
from the students. The things they liked most during the use of the LIM App
were the feedback meter and the anonymous questions. They would like to
use the former feature especially in cases where they are in a big auditorium
and they are embarrassed to address questions to the speaker. The least clear
aspects for them was the username that they had to use, as there was a pattern
to follow in order to uniquely identify the users in the evaluation (as defined
by the MIRROR Participant Code13 used in our other evaluations). They would
recommend the LIM App to friends and classmates, especially in cases of being
in a big auditorium. Regarding future suggestions, they would suggest having a
13 According to Knipfer et al. [2012], the MIRROR Participant Code consists of the following five
characters: the first letter of the user’s place of birth, the user’s day of birth (two digits), the first
letter of the user’s father’s first name, the first letter of the user’s mother’s first name.
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type of notification or status symbol that indicates if they are connected to the
right course (e.g., in case there are technical problems with the Wi-Fi).
Participant C is a lecturer at a German university and teaches very technical
lectures which are part of a degree on Computer Science. Approximately 100
students were attending his lecture and 50% of them used the LIM App during
two lecture sessions. In an interview with Participant C, he provided details
about his experience with the app and the benefits it brings for him: “In my
specific case, I don’t think that I can take profit of the Live Interest Meter, because the
lecture is about predicate logic. For me it is clear that the comprehension of the topic
can go down really fast and I am already aware of the parts that are difficult. In other
words, if I put the limitations that a certain content has to be explained in 1.5 hours,
the app does not help me change it.” Regarding his reaction to the feedback and
potential changes that he could make, Participant C did not know what he could
actually do: “I cannot react/respond to the students during the lecture and afterwards I
did not know, how I could explain things differently or better. I could not find any hint
in the topics that the students captured.” Besides the belief that nothing could be
changed, he came to some alternatives during the interview: “I can only think
of two possibilities: to lift the restrictions and for example have more time available to
explain the content. This would need the adaptation of all the content as well as other
lectures that build on this one. A second option would be using other didactic methods,
different to the ones I am using. For example, the ‘inverted classroom model’ may be a
suitable one.” In his opinion, he could imagine using the LIM App in other type
of topics, which are more about hypothesis and arguments.
6.7.3. Discussion
In this formative study, we aimed at widening the scope of the LIM App and
also investigating concrete benefits and challenges in other settings beyond the
classroom. Results revealed that lecturers and presenters see an advantage in
using the application and it helps them to know their audience better.
Major insights gained from these trials are related to the introduction of the
application and other factors affecting its usage, rather than contributing to
make design changes in the application. Nonetheless, the results obtained were
of major significance to provide a basis for the execution of the subsequent
summative evaluation.
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6.8. Summative Evaluation I:
Lecture at a German University
The goal of this summative evaluation was to study the impact of tracking and
reflecting on feedback in lectures during a longer period of time. Through the
usage of the Live Interest Meter (LIM App), we analyzed the acceptance of the
tool, the support for reflection, and the impact on the lecturer’s presentation
skills. This summative study was conducted at a German university14.
6.8.1. Procedure
The evaluation started on March 17, 2014 and lasted the whole semester, until
June 25, 2014. One university professor who is teaching in two lectures partici-
pated in the evaluation. Both lectures were about Computer Science (Databases)
and had a very similar content. The first lecture (Lecture A) took place on
Wednesdays from 8:00 to 9:30 and was part of a Bachelor’s degree on Interna-
tional Management. The second lecture (Lecture B) was scheduled on Mondays,
also from 8:00 to 9:30, and was part of a Bachelor’s degree on Business and
Industrial Engineering.
The first day of each one of the lectures were introductory days, where students
get to know the lecturer and the subject. Therefore, the LIM App was introduced
by the professor himself on the second session. He was provided with a set of
slides that described the LIM App and its usage, including registering, joining
a group, giving feedback, using polls and questions, and visiting the data re-
ports. The LIM App was used in every session of the lectures, except for those
sessions which were canceled for external reasons (exercises session, vacation,
or lecturer absence).
Participants
The lecturer is a male aged between 40 and 49. He has a full professor position
and has been for 4 years in that position. He used the application during his
teaching in two lectures: Lecture A with 52 and Lecture B with 77 students.
From all participants, 113 have answered the corresponding pre-questionnaire,
containing demographic data. Out of these participants, 44 were students from
Lecture A and consisted of 33 men and 11 women. All of them were between
14 The name of the university is kept anonymous for privacy issues, in order to avoid the identifica-
tion of the lecturer that participated in the evaluation.
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20 and 29 years old. These students had studied on average for 6.27 (SD = 0.66) 
semesters, ranging from participants with 5 and to a maximum of 8 semesters 
studying. In Lecture B, 69 participants answered the pre-questionnaire, 
consist-ing of 20 men and 49 women. They were between 20 and 39 years 
old, with 99% of them aged between 20 and 29. Students in Lecture B had 
studied on average for 7.31 (SD = 1.01) semesters, ranging from participants 
with 4 and to a maximum of 9 semesters studying.
Evaluation Tools
As in previous summative evaluations (see Sections 4.9 and 4.10), we used the
evaluation toolbox developed in the framework of the MIRROR Project [Knipfer
et al., 2012], based on a modification of the Kirkpatrick model [Kirkpatrick and
Kirkpatrick, 2006]. As mentioned before, members of the audience should also
perceive a benefit in order to be motivated to give their feedback. Therefore, our
evaluations not only considered the opinion of the professor, but also delivered
insights about how the audience, concretely students, could also (i) improve their
learning experiences by assessing their own learning and comparing themselves
with their peers and (ii) assess the improvements on the presentation skills of
the professor.
In the second lecture of the semester, professor and students were asked to fill in
a pre-questionnaire including their consent form. During the semester, they were
asked to use the LIM App to give feedback to the lecturer, and ask questions or
answer polls whenever there was the need to do it. At the end of the semester,
all participants were requested to fill in a post-questionnaire.
Table 6.8 provides an overview of used evaluation tools. Pre- and post-question-
naires measured agreement with questions on a 5-point Likert scale (from
1 = strongly disagree to 5 = strongly agree). The used questionnaires (pre- and
post-) can be found in Appendix B. We used log data for descriptive statistics
about app usage, and interviews to gain rich information about the evaluation.
The technology acceptance was evaluated through a subset of the items con-
tained in the Technology Acceptance Model (TAM) [Davis, 1989; Venkatesh and
Davis, 2000; Fishbein and Ajzen, 1975].
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Table6.8.:LiveInterestMeterSummativeEvaluation:evaluationtoolsused
Tool Professor Students
pre-
questionnaire
consentform,demographicdata,
expectations regarding the app,
lecturesatisfaction,presentation
skills,reflectionscale
consentform,demographicdata,
expectations regarding the app,
lecturesatisfaction,presentation
skills
post-
questionnaire
usage and user satisfaction,
lecturesatisfaction,presentation
skills, benefits and insights, reflec-
tion support, learning outcomes
andbehavior, reflection scale
usageandusersatisfaction,lecture
satisfaction, presentation skills,
benefits and insights, technol-
ogyacceptance,reflectionsupport
final
interview
feedbacktotheoverallexperience,
subjective feeling of the applica-
tion’s acceptance within the stu-
dents, capturing feedback, bene-
fits and insights, general com-
ments
-
logdata interactions withthe application; e.g., times given feedback,ques-
tionsasked,pollsanswered
6.8.2. Results
Analogous to the summative evaluations presented in previous chapters, firstly,
we report the results of the lecturer’s questionnaire according to the four levels
of Kirkpatrick [Kirkpatrick and Kirkpatrick, 2006]. Afterwards, we give details
of the analysis conducted with the students’ questionnaires. Finally, the feedback
received in the interview with the lecturer is summarized.
Results: Lecturer’s Assessment
An overview of the data gathered in each lecture (Lecture A and Lecture B) is
offered in Table 6.9.
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Table6.9.:Overviewofthenumberofstudentsandthedatacollectedineachlecture
Lecture A Lecture B Total
Total no. of students 52 77 129
Pre-questionnaires 44 69 113
Post-questionnaires 34 51 85
Both questionnaires 20 32 52
Regularly used LIM* 22 16 38
Registered in LIM 50 56 106
*Answered ‘yes’ in the post-questionnaire
Reaction and Usage
The LIM App was used in a total of seven sessions in Lecture A and nine sessions
in Lecture B. In two sessions (one of each lecture), the LIM App could not be
used because of technical problems. The log data are summarized in Table 6.10,
which indicates how many times the different features were used in each of the
lectures.
Table6.10.:Datagatheredthroughlogandapplicationdata
Feature Lecture A Lecture B Total
Join group 81 178 259
Send feedback 1176 1629 2805
Ask question 3 1 4
Rate question 11 13 24
Answer poll 20 18 38
Add topic 1 1 2
Send written comments 1 3 4
Review data reports 8 64 72
Feedback on reaction and usage was not only analyzed with the logs, but also
investigated through the post-questionnaire of the professor. Some of the impor-
tant factors are the barriers that users encounter when using an application. We
obtained satisfactory results regarding the possible barriers concerning the tool
usage and reflection support. The participant disagreed (all ratings = 2) with all
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the mentioned barriers; i.e, not having time to use the app, not finding physical
space to use it, not seeing an advantage in using or not being motivated to use
the LIM App, and needing further training to get to know how it works.
The pre-questionnaire of the professor also included which expectations he had
on the usage of the LIM App. He would like to receive from his students “hints
for concrete improvements (in contrast to general remarks).” Among his expectations
from such an application were having a simple tool for him and his students,
being able to collect several types of comments, requiring a low interpretation
effort, synchronizing with presentation material, and integrating it with tools he
generally uses; e.g., PowerPoint.
At the end of the evaluation, the professor evaluated his satisfaction with respect
to the LIM App. He disagreed with being overall satisfied. His comments at the
end of the questionnaire revealed the main reasons for this: “There are several
important points missing in the app to make it really useful in my setting. To name
what I believe are the most important three: (i) Automated tracking of presented material
along the feedback stream: which was the slide that made students’ attention decline?
(ii) Automatic setup of courses without the need to stay online during the whole lecture.
(iii) Built-in incentive scheme for participating students: I like to motivate my students
for my lecture content and not for a feedback tool.”
Learning and Behavior Change
The measurement of the Short Reflection Scale (SRS) revealed a minor improve-
ment when comparing the answers of the pre- and post-questionnaire (from
a value of 3.1 to 3.2). There were mainly two aspects in which the participant
improved his attitude: (i) the importance to him of good presentation skills
and improving his lectures, and (ii) talking to colleagues about how to improve
presentation skills.
We evaluated the learning outcomes through two questions in the post-question-
naire. To the question if he had made a conscious decision about how to behave
in the future (CL115), the participant disagreed. This was also the case for the
question asking participants if he had gained a deeper understanding of his
work life (CL216). To the question if with the LIM App, he was more motivated
to reflect on work in general, the participant remained neutral.
The overall attitude of the participant regarding the support of the LIM App
was rather neutral. On the one hand, he agreed with capturing feedback during
his presentations being useful to reflect and think about his presentation skills.
He was also positive with respect to the overall goal of the LIM App and agreed
15 CL1: “I made a conscious decision about how to behave in the future during my lectures and
presentations.”
16 CL2: “I gained a deeper understanding of my lectures and presentations.”
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that it helped him reflect on experiences from his held lectures. On the other
hand, he disagreed with the LIM App helping him identify significant concrete
topics worth reflecting on. He remained neutral regarding the support of the
data reports for gaining a better understanding of his students. Therefore, this
was one of the main topics addressed in the subsequent interview.
In order to evaluate changes in behavior, the lecturer was asked in the post-
questionnaire if the LIM App had helped him improve his work performance.
He disagreed with this fact. This is in line with the previous questions on
making a conscious decision and gaining a deeper understanding and, therefore,
it follows the logic that no improvements can be achieved if these improvements
are not previously identified.
Work Outcomes
We analyzed the data from the official evaluation survey conducted by the
university at the end of each semester. Comparing the data from the previous
semester with the semester during which the LIM App was used, there were no
significant changes in the scores received by the lecturer.
Results: Students’ Assessment
In the following, we present the analysis of the students’ questionnaires. As in
this particular scenario the students act as customers, their feedback also reveals
insights on potential improvements on work outcomes, especially regarding his
presentation skills.
From the 44 participating students in Lecture A, 22 (50%) answered in the 
post-questionnaire that they had regularly used the LIM App. In the case of 
Lecture B, which had 69 students participating in the evaluation, this number 
was 16 (23%). Therefore, only this subgroup of students answered the questions 
related to the LIM App usage. They remained neutral to the statement that the 
comparison of their own feedback with the overall group feedback gave them 
useful information (M = 2.95) and that seeing other classmates giving feedback 
made them also want to do it (M = 2.74). They did not agree that the LIM App 
had helped them pay more attention to the presentation/lecture (M = 1.82). They 
disagreed (M = 1.97) with having asked questions by themselves which they 
would normally not ask, but rated with a higher score (M = 2.45) the fact that 
their classmates had done it.
The post-questionnaire of students also covered questions regarding the self-
reported capturing method used and the gathering of the data with the LIM
App. Their answers are summarized in Figure 6.30.
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Figure6.30.:Data gathering by the LIM App evaluated by students: accurate, effortless,
relevant,andtimely
Table 6.11 shows the descriptive values of the Technology Acceptance question-
naire, which was answered in the post-questionnaire only by users admitting to 
having used the LIM App regularly (N = 38).
Table6.11.:Descriptivevalues(meanandstandarddeviation)foreachconstructofthetech-
nologyacceptancequestionnaire
Lecture A (N = 22) Lecture B (N = 16)
Construct Mean SD Mean SD
Perceived Enjoyment (PE) 3.83 1.17 3.29 1.22
Perceived Usefulness (PU) 2.65 1.18 2.59 1.10
Perceived Ease of Use (PEU) 4.42 1.56 4.41 1.34
Behavioral Intention (BI) 3.07 1.34 2.83 1.38
In order to establish a comparison of the lecture before the usage of the LIM App 
and after it, we asked in the pre- and in the post-questionnaire questions regard-
ing several aspects of the lecture, the presentation skills of the lecturer, and the 
attitude of the students. In the following, we show the results of these answers, 
taking into consideration only participants who answered both questionnaires 
(N = 52). Table 6.12 shows the answers to the questions related to the lecture 
itself. Table 6.13 shows the answers to the questions related to the lecturer and 
his presentation skills.
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Table6.12.:Average values for items from the post-questionnaire regarding their attitude
towards the lecture (N = 38)
Lecture A (N = 20) Lecture B (N = 32)
Questionnaire Item Pre Post Pre Post
Iamingeneralsatisfiedwiththislecture. 4.15
(SD = .49)
4.15
(SD = .59)
3.94
(SD = .62)
4.16
(SD = .51)
Iamsatisfiedwithmyparticipationduring
thelecture.
3.55
(SD = .60)
3.40
(SD = .82)
3.44
(SD = .62)
3.66
(SD = .79)
Iamsatisfiedwiththeinteractionbetween
meandthelecturer.
3.85
(SD = .75)
3.70
(SD = .66)
3.50
(SD = .72)
3.69
(SD = .78)
Ialwayspayattentionduringthelecture. 3.50
(SD = .69)
4.00
(SD = .46)
3.47
(SD = .88)
3.66
(SD = .75)
Ieasilygetdistractedduringthelecture. 2.50
(SD = .89)
2.40
(SD = .68)
2.94
(SD = .84)
2.81
(SD = .78)
Iamusuallyveryactiveduringthelecture. 2.30
(SD = .73)
2.50
(SD = .89)
2.47
(SD = .76)
2.53
(SD = .84)
I feel confident about asking questions
during the lecture whenever I need to.
3.40
(SD = .68)
3.90
(SD = .55)
3,41
(SD =1.01)
3.59
(SD = .95)
Ifeelsociallyintegratedinthelecture. 3.65
(SD = .59)
3.95
(SD = .51)
3.59
(SD = .71)
3.78
(SD = .55)
Ifeelmotivatedinthelecture. 3.70
(SD = .73)
4.05
(SD = .76)
3.56
(SD = .95)
3.59
(SD = .71)
IusuallyreflectaboutwhatIlearnedinpast
lectures.
2.95
(SD = .83)
3.45
(SD = .89)
3.09
(SD = .89)
3.34
(SD = .87)
Total average 3.36
(SD = .89)
3.55
(SD = .91)
3.34
(SD = .89)
3.48
(SD = .88)
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Table6.13.:Averagevaluesforitemsfromthepost-questionnaireregardingthepresentation
skills of the lecturer (N = 38)
Answers (N = 52)
Questionnaire Item Pre Post
The speed/pace of his/her speech is always appropriate. 3.73
(SD = .89)
3.87
(SD = .84)
His/Her vocal expressiveness (volume,pronunciation,
tone)inhis/hertalks is adequate.
4.19
(SD = .66)
4.35
(SD = .48)
He/Shealwaysseemstofeelconfidentduringhis/her
presentationsandlectures.
4.44
(SD = .61)
4.38
(SD = .66)
He/She always finishes the presentations on time and
achievestopresent all the contents.
4.04
(SD = .68)
3.92
(SD = .62)
He/She always uses clear examples in the presentations. 3.92
(SD = .81)
4.13
(SD = .66)
Inhis/hertalks,thelecturerusesa
comprehensible/understandablespeech.
4.06
(SD = .73)
4.15
(SD = .64)
The slides are always appropriate to the audience
(format and style).
3.83
(SD = .81)
3.79
(SD = .75)
I am always motivated and interested in his/her talk. 3.69
(SD = .83)
3.65
(SD = .79)
I am always engaged and participate in his/her
presentations.
3.25
(SD = .71)
3.40
(SD = .75)
He/She always establishes eye-contact with the audience. 4.13
(SD = .60)
4.27
(SD = .63)
His/Her presentations have always a very high
quality and look professional.
4.13
(SD = .56)
4.25
(SD = .56)
The lecturer collects feedback about the lectureand
his/her performance.
4.31
(SD = .67)
4.02
(SD = .73)
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In order to gain insights about the main barriers for usage, we asked participants
who did not regularly use the LIM app (12 from Lecture A, 35 from Lecture B)
what the reasons behind their decision were. We obtained information from 37
out of these 47 users. After analyzing the comments, we now present a summary
of the main reasons in Table 6.14.
Table6.14.:ReasonsofstudentsfornotusingtheLIMAppduringlectures,classifiedinusers
andnon-users
Reason Non-users Users Total
Device issues: too old, not smartphone or iPhone 14 2 16
Distraction 8 3 11
Internet connection 7 3 10
Battery or data volume insufficient 6 3 9
Problems with the app (login or other type) 5 4 9
Too complicated/stressful 5 0 5
No interest, no motivation or no need 3 2 5
Finally, students could add any comments about the evaluation and the usage
of the LIM App. Some of them highlighted the problems that they encountered
and their answers are summarized in Table 6.14. Other users commented on
the issues that had worked well or they liked in the LIM App; e.g., “I found it
very useful for questions after the lecture” or “one of the best lectures this semester; the
lecturer always made sure that everybody is on track.”
Interview with the Lecturer
At the end of the evaluation, we conducted an interview with the lecturer, sum-
marized below. The goal of the interview was to gain further insights about
the general experience of using the LIM App, which improvements he would
suggest, how well the features of the LIM App worked, and what the impact on
reflection was.
General experience with the LIM App
He liked the idea of having a back-channel to get feedback from the students.
However, he was missing mainly three things:
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• The method was too invasive in terms of group configuration: “At the
beginning of the lecture, I had to set up the group and configure the parameters.
In some lectures, I had no need to connect to the Internet because I only had the
slides. I had to go online in order to log in to the LIM App, configure the group
and set up the timer. That meant too many steps and it was the same procedure
every time.”
• “The network was unfortunately too unreliable. Therefore, the application was
often stopped.” The professor would like to have a new session mechanism
that is independent of the lecturer. The perfect solution for him would be
“a calendar view where I can register when I have a lecture. Then I should only
configure everything at the beginning of the semester and then it would work
automatically. This way, I could just go to the lecture and say ’the LIM App is
active so please everybody log in to the group’.”
• The incentive mechanism seems to be too weak. He mentioned that the
lecture is already very good and the students do not have many issues
or complaints to communicate during the lecture. They know they can
evaluate the lecture in the official final evaluation: “students do not want
an extra effort as they know there is an official channel. In the official evaluation,
I just received little criticism to the didactic, but rather about the content of the
lecture (for example, not being interested in it).”
The interviewee continued explaining how the evaluation method works at
his university: “The incentive mechanism for the official evaluation is also very weak.
We do a lottery among students. We give cards with IDs to the students so that they
can answer anonymously. Only 50% of the 116 cards that they distributed were used
to answer the evaluation survey.” Additionally, he mentioned that students from
Lecture B have more interest in Informatics because they are studying a more
technical degree and therefore give better assessments.
He explained that, at the beginning, many people started using the LIM App,
around 30-35 users. Afterwards, it started to decrease until approximately 15
students remained active in the third week. And he also added: “I motivated my
students to follow my topics, but I could not motivate them to use the app.”
Figure 6.31 shows an example of a report that the professor described during the
interview: “I could identify a pattern. In the beginning it goes up, then it goes down.
After 45 minutes I always do a break and you can recognize this in the data. In the breaks,
I used to show the data to my students and comment on it. It would make sense to show
it in the main screen live because I did not have a second monitor where I could look at it.”
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Figure6.31.:ScreenshotofaLIMdatareportofoneofthelecturesduringtheevaluation
Potential improvements
We started talking about the reports and what could be improved: “When ex-
ploring the reports, I could actually identify when something happened; e.g., where the
attention of my students went down. The problem was more to reconstruct where exactly
it was. I have shown the reports to my students and we had a look at them together. They
could reconstruct the situation well, but I could not. I can identify where there are holes
but the mapping to the concrete content is missing.”
One of the proposals he did was having a tool where you could upload the PDF
of the presentation to the browser. This way, everything would be in the system
and we could do a mapping between each slide and the feedback being given.
Regarding technical issues, he also mentioned that one of his students told him
that the Android app consumed a high data volume and therefore this could be
improved.
“I liked the mechanism to get feedback and especially doing it in big groups (80-90 people).
Maybe I would not do it in each lecture, but choose some of them (e.g., 3–4 times in a
semester). This would also contribute to the motivation of students.” He liked the fact
that there are a web application and an Android application available. However,
he missed a version for iOS.
Methodology for the LIM App usage
We discussed with the professor the methodology that we had followed in this
evaluation. In this case, we had given him the tool without influencing how he
uses it; e.g., not not making him to set goals at the beginning of the semester or
fixing which aspects he wants to get feedback on. He mentioned that having
a kind of consulting around the app that guides the lecturer would only bring
something for new colleagues and added that “it also depends on the type of person,
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but I don’t think it may be necessary. For example, there are lecturers that have been
working for many years, and either they do a lot of lectures and they master them or they
have experience but they don’t care about having a good lecture... and therefore such a
consulting would not be suitable for them.”
Exchange with students
“I talked to them after the breaks and told them when I had noticed something relevant
in the report.” He also mentioned that sometimes he noticed that they had not
understood a certain slide and he repeated the explanation. When discussing the
types of issues mentioned by students, he added: “Whenever I received feedback
about the app it was because of technical problems.”
Usage of features
With respect to his preferred feature, he mentioned: “The timeline in the report.
However, I would really like to have the link to the slides.” He explained afterwards
that he had a meticulous control of the slides that he has planed for each lecture
and how many he actually achieves to explain. He could usually achieve around
80% of the slides he had prepared for a certain lesson.
He also commented on the usage of the reports: “At the beginning I used to check
the reports very often, but later I did not do it so often because students were not par-
ticipating so actively. I used to check them on Sundays before preparing the next lecture.”
Changes at work
“I cannot think of any big change. However, I took the time to reflect on it and think
about possible improvements. The stimulus or push was already there, because you get
it explicitly displayed and you can confirm it.” He mentioned that he could more or
less identify which slides were really bad and he then changed them, but did
not do a big didactic reorganization or change in methodology. However, he
confirmed that “using the LIM App prompted the initiative of making small changes.”
The interviewee made further comments on the general necessity of receiving
concrete suggestions for professional development (e.g., in courses or training),
if a lecturer wants to make big changes in his or her didactic method; e.g., getting
to know what works better nowadays with students. He could envision such
a methodology supported by the LIM App: “I could imagine analyzing several
sessions automatically in the app and suggesting the suitable didactic method for it. For
example, if it is detected that the feedback goes down after 20 minutes in several lessons,
then the system would suggest doing an exercise after 20 minutes.”
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6.8.3. Discussion
Summarizing the results of this evaluation, the lecturer reflected on the gathered
data and which potential changes he should do thanks to the use of the LIM
App. Although he did not make major changes in the lecture, he did perform
small changes in his daily presentations.
Some technical problems limited the experience, which caused the students’
satisfaction with the application to be rather low. The professor did not actively
react to changes in the students’ feedback during the lectures and this may have
also influenced their motivation.
It was suggested that the most suitable methodology would be using the LIM
App three to four times per semester, as a kind of measuring tool. This may also
function as an additional incentive to increase the participation of the students.
One of the solicited features is automatic integration of the presented material
along the feedback stream; i.e., keeping track of which slide was presented
at each point in time. Another suggestion was providing automatic setup of
courses. However, this would turn the LIM App into a more complex system
that cannot be used as an add-on in every presentation.
In previous studies, we had identified some concerns regarding the students
voluntarily participating and giving feedback. Although this was not the case
in all the scenarios where the LIM App was used, this was definitely one of the
main challenges in this summative evaluation. To this extent, we investigated
the impact of gamification—’the use of game design elements in non-game con-
texts’ [Deterding et al., 2011]—to increase the motivation of students to use the
Live Interest Meter App. Based on an extended literature review on gamification,
we conducted an online experiment to analyze the users’ intention to use an
adapted version of the Live Interest Meter with and without gamification. The
results show that perceived fun has a positive effect on the motivation to use
the LIM and the motivation to use the application with gamification is signifi-
cantly higher than for the application without it. Therefore, gamification seems
to be an appropriate enabler to engage people in using QS approaches as per-
sonal learning tool for improving learning experiences. For further details about
this online experiment, the reader can refer to its publications [Morschheuser
et al., 2014a,b]. Regarding the limitations of this study, the sample size was
insufficient to validate the hypothesis with a between-subject test. However,
meaningful tendency for gamification was indicated between-subject and the
performed within-subject analysis showed high significant results. Furthermore,
the measurement was hypothetical and self-reported. In order to implement the
gamification concept in the LIM App, the implementation of what we dubbed
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“LIM-Community,” a platform to review previous presentations, analyze the per-
sonal learning behavior and interact with other users, was needed. This would
have limited the work settings that were targeted by the LIM App; i.e., support
in business and research settings would not be possible anymore. Therefore,
larger experiments of the gamified LIM App in real classroom settings could not
be conducted. Nonetheless, this study provided a first important contribution
to the successful use of gamification approaches for improving interaction and
supporting individual reflective learning with Quantified Self tools to gather
audience feedback.
6.9. Related Work
The Live Interest Meter has some functions in common with what are known as
Audience Response Systems (ARS). Despite these partially overlapping features,
there is a substantial difference with respect to the goal we pursue. ARS aim at
improving interaction between speakers and audience in formal settings, but do
not address the support of reflective learning to improve one’s presentation skills
and, therefore, work performance. Other application-oriented approaches aim at
supporting reflection in formal settings (e.g., school, university) but the collected
data are mainly related to the students’ activity. In the following, we review
these approaches and outline existent similarities and differences between them
and our work.
6.9.1. Audience Response Systems and Real-Time Feedback
Audience Response Systems (ARS), also known as clickers, enable instructors
in a large lecture class to instantaneously collect student responses to a posted
question, generally multiple choice. The answers are immediately tallied and
graphically displayed on a classroom projection screen where both students and
instructor can see and discuss them [Caldwell, 2007]. These systems generally
aim at improving student outcomes such as improved exam scores or passing
rates, student comprehension, and learning, as well as student attendance and
interest on the course. Clickers have evolved from the original hardware versions
with remote control [Barber and Njus, 2007; Bunce et al., 2010; Debourgh, 2008]
to more recent mobile and web-based versions [Andergassen et al., 2012; Duncan
and Mazur, 2005; Kundisch et al., 2012; Rubner, 2012].
The review of available tools has revealed that there has been and still is quite
a lot of research and development done on Audience Response System and
their challenges, both from a technical and pedagogical perspective. Especially
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since 2013, a growing interest in ARS has taken place in the research community
and universities worldwide, but also from a business perspective17. The aim
of these tools and their evaluations was usually to encourage students (i) to
have richer interactions with their lecturers/presenters [Ada, 2013; Holzer et al.,
2013], (ii) to support teaching methods like peer instruction from a pedagogical
perspective [Kundisch et al., 2012; Quibeldey-Cirkel et al., 2013] or (iii) to study
the technical introduction of mobile devices and smartphones in university envi-
ronments [Scheele et al., 2003; Wessels et al., 2007; Feiten et al., 2013]. However,
our work is the first approach to investigate the usefulness of the data for re-
flective learning purposes and therefore addresses the existing gap on research
which has concentrated on supporting students’ interaction. With our work,
we investigate the main challenges of reconstructing experiences for reflective
learning as well as quantifying data which is mainly abstract and has not been
available for learning processes until now.
Classic Polling Systems
There are also some approaches that explore questions and answers (Q&A)
in a bidirectional way; i.e., not only the lecturer can create questions to eval-
uate students, but students can also pose questions. The digital back-channel
Backstage [Hadersberger et al., 2012] provides microblog-based communication
for fast information exchange among students as well as from audience to lec-
turer. In learning settings with a large and typically passive audience, the goal
of Backstage is to foster active participation and facilitate collaboration akin to
small learning groups. They also present an approach to aging of microblog
messages, based on the back-channel activity, to ensure that attention during a
lecture is directed to recent and active messages.
A system called mbclick has been developed by the University of Manchester.
It offers the basic functionality of any ARS; i.e., ask questions to the audience
but this system is designed around the idea that giving feedback closes the
learning gap between what students already know and what their instructor
wants them to know. Therefore, the system allows further explaining why a
particular response is correct or not, which are delivered directly to individual
students after they have answered.
In Akbari et al. [2010], the authors describe and evaluate MiRA, which is also
a microblogging-based system designed to enable all way communication be-
tween participants of a mass lecture. Their main goal is to support a more active
learning experience, in spite of the size and layout of large lecture halls. It can be
17 http://letsfeedback.com
http://www.gosoapbox.com
http://www.questionpress.com
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accessed and used both during and after a lecture to track and solve problems
and questions. To give feedback to the lecturer, it is suggested that an assistant
collects the questions and problems during the lecture and proposes them in a
short break.
From a formal learning perspective, audience response systems have been typi-
cally used as technical support for an interactive teaching method called Peer
Instruction, coined by Harvard Professor Eric Mazur [Mazur, 1997]. This is the
case of PINGO—“Peer Instruction for very large groups”—, a web-based class-
room response system that has been developed at the University of Paderborn
[Kundisch et al., 2012; Beutner et al., 2014]. PINGO is intended to be a polling
system and, therefore, only allows creating and sending questions that should
be answered by the audience (e.g., single or multiple choice questions).
Another example where the use of ARS was studied from a didactic point of view
is the browser-based mobile clicker implemented and integrated in the learning
and communication platform of the WU—Vienna University of Economics and
Business. A pilot study of this clicker with the aim of activating students during
lectures is presented in Andergassen et al. [2013].
In this category of tools and in the academical context, there are also some
available products. For example, ShakeSpeak18 is a plug-in for MS PowerPoint
that allows users to insert questions in the slides. During the lecture, students
can vote and answer the presenter’s questions by sending an SMS, accessing
the Internet, or writing a message on Twitter. During the presentation, it is
possible to show a graphic with the responses of the audience to a question. A
similar approach is also Poll Everywhere19. Another example is Socrative20, an
online mobile student response system that empowers teachers to engage their
classrooms through a series of educational exercises and games via smartphones,
laptops, and tablets. It allows teachers to send different types of questions to
their students; i.e., multiple choice, true/false and short Q&A, as well as pre-
prepared quizzes. Reports on the students’ answers are available for the teacher
in different forms.
Real-Time Feedback at University
Besides the clickers discussed above, there are other projects that have developed
systems to support real-time feedback during lectures at university. Notebook
University Karlsruhe (NUKATH) [Bonn et al., 2003] was a project funded by the
German BMBF from 2002 to 2003, aiming to develop and assess a multitude of
18 http://www.shakespeak.com
19 http://www.polleverywhere.com
20 http://www.socrative.com
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possible usages of notebooks in academia. NUKATH had 10 subprojects, one
of which was AMSULA (Applications of mobile systems), which conducted a
large survey among over 1,000 students on the concepts and goals of a notebook
university. The results showed that most students would welcome electronic
aids. AMSULA also developed several tools for cooperation, which enabled
electronic feedback, electronic hand-raising, and multiple choice polls with live
results. Those tools were developed mainly for notebooks, but a web client for
PDAs was tested, although PDAs were not as common as today’s smartphones.
Currently, the NUKATH tool has been updated and it is called nuKIT. The
NUKATH platform received little interest on the student side until about 2011,
when apparently due to an increased availability of mobile devices such as
smart phones, laptops, or tablets in the classroom, the platform achieved a major
revival [Pfeiffer-Bohnen et al., 2013]. The main goal of nuKIT is to serve as a
polling service during the lecture, allowing also giving feedback about the speed
of the lecturer.
WIL/MA Toolkit—Wireless Interactive Learning Mannheim— is another project
related to real-time feedback; it is developed at the University of Mannheim.
Its aim is to facilitate a bidirectional and synchronous communication between
lecturer and students, as well as to offer an interactive lecture [Scheele et al.,
2003; Wessels et al., 2007]. It allows the presenter to define several rating scales
for any parameter they would like to asses; e.g., the speed of the lecture or noise
in the environment.
Most of these systems were either obsolete or developed later, in parallel to
the LIM App, as it is shown by the publications of these colleagues from other
universities. This shows the contemporary relevance of building systems that
gather feedback from students in university lectures. However, the main dif-
ference between these projects and our work is the use of the data to support
reflective learning and improve professional work performance, rather than to
enhance interaction during lectures.
Integrated Feedback Commercial Solutions
Many of these commercial solutions are the update of the old clickers (based on
hardware remote controls) to current society trends and the growing availability
of mobile devices.
A commercial classroom response system called GoSoapBox21 is offered by
Go Education, LLC with the aim of enhancing students’ engagement in class.
This tool has a confusion barometer where students can state if they do not
understand something, social Q&A to post a question at any point during the
21 http://www.gosoapbox.com
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lecture, discussions that the instructor suggests and students can discuss a
certain topic, anonymous polls posed by the instructor, and quizzes which can
be sent by e-mail later. In Munday [2012], the author presents a case study
to explore the use of GoSoapBox. A survey of students using this classroom
response system in class found that they enjoyed using the tools provided, from
discussions to question and answer sessions, and recommended continued use
of the program. At a first sight, GoSoapBox and the LIM App offer similar
functions. However, GoSoapBox was created to manage the whole dynamic of a
lecture as well as students’ knowledge. Therefore, data from functions like the
confusion barometer, which would be helpful for the speaker to reflect upon, is
only available during the lecture and stored data only includes questions, polls,
and quizzes.
Piazza22 is a wiki style format platform for questions and answers (Q&A) that
allows both lecturers and students to add any post to the system wall. A post can
be a note (a comment which does not need an answer), a question, or a poll with
several options for answers. Posts can be addressed directly to the instructor
or to the whole audience. Piazza aims to offer support both during and after
lectures, by allowing instructors to manage their lecture content and student
communication.
Out of the educational context and with the goal of helping audience members
engage fully in enterprise presentations, Teevan et al. [2012] have developed
a mobile application to provide real-time feedback. Aggregated feedback is
displayed in a visualization during the presentation, with notifications on inter-
esting feedback events. The interface allows providing positive feedback using
a green thumbs up button and negative feedback using a red thumbs down button.
Participants in their study conducted in a large enterprise meeting report that
providing feedback helped them pay close attention to the presentation and
enabled them to feel connected with other audience members.
Most of the related work about clickers explores and focuses on giving a ben-
efit for students and are tightly related to the content of the lectures and the
knowledge they acquire, being limited to polling of questions and answers in
many cases. This is associated with the fact that their main goal is to improve the
learning process of the students (formal learning), while our work is focused on
workplace learning. Therefore, we consider the lecturers and presenters as the
center of the scenario and focus on the improvement of their presentation skills
and performance with the use of the LIM App. In this case, students play a very
important role, as they are the ones who provide feedback that serves for the
reflection process and, therefore, they also have to perceive a benefit on the tool.
The feedback meter function was enriched with other features that support the
22 http://piazza.com
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lecture like polls and questions and are intended to improve the lecture itself,
but also to add context to the feedback given to the lecturer.
In order to identify the similarities and differences between the LIM App
and other available tools, we analyzed and compared eight different tools:
nuKIT23, ARSnova24, Tweedback25, Pingo26, ShakeSpeak27, Piazza28, Socrative29,
and GoSoapBox30. The first analysis of tools was done in 2011. Afterwards, the
analysis was updated in 2012 and published in Rivera-Pelayo et al. [2013a,b].
We have updated the analysis in August 2014 to ensure an up-to-date review
of existing research. The analyzed tools were selected among the related work
according to their level of maturity (e.g., studies that have been conducted with
the tools) and their higher degree of similarity with the LIM App (e.g., we dis-
carded the tools that only allow sending polls to the audience or solely receiving
anonymous questions from them). Tables 6.15, 6.16, and 6.17 give a comparative
overview of these tools and the last prototype of the LIM App with respect to
their characteristics, purpose, and use case.
23 http://elearning.studium.kit.edu/179.php
24 https://www.arsnova.eu
25 http://www.tweedback.com
26 http://pingo.upb.de
27 http://www.shakespeak.com
28 http://piazza.com
29 http://www.socrative.com
30 http://www.gosoapbox.com
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6.9. Related Work
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6. Use Case III: Feedback in Lectures and Presentations
The feedback mechanism is the central element of the LIM App and was intended
to be its greatest benefit. After having analyzed several tools, we can see that
the quantification of feedback is one of the major differences and no other tools
capture and represent users’ feedback by using an analogy such as the meter.
The LIM meter gives audience the flexibility of a scale and at the same time
an easy-to-use and intuitive interface. For speakers, it provides the freedom of
choosing which time of feedback is desired and detailed analysis of the current
status during the presentation as well as the feedback trends in retrospective. In
contrast to other tools, the LIM App does not offer further features to support
interaction between the members of the audience like allowing members of
the audience to answer others’ questions (like GoSoapBox) or having an online
forum (like Piazza). Our studies revealed that these features, despite adding
interaction could also be a high source of distraction. This, along with the fact
that such forums or chat do not add valuable information to reflect upon, guided
the decision of not including it in the final prototype of the LIM App. Compared
to other tools, one of the weaknesses of the LIM App is not allowing users
to create quizzes or polls before opening the presentation session (i.e., some
hours before). However, this feature had no influence on our research work
and, therefore, it received a lower priority. Finally, to our knowledge, none of
the available applications target the support of reflective learning for lecturers
and speakers and, therefore, make an emphasis on creating reports with the
data that has been gathered during the presentation. Tools that provide similar
reports concentrate on pedagogical evaluating measures like individual students’
activity, right or wrong answers to polls, and posted questions.
6.9.2. Enhancing Reflection
In the field of Technology-Enhanced Learning, there are few approaches to
support self-reflection and increase awareness for learners and teachers, mainly
centered on the activities of the students. One such system is the Student Activity
Meter (SAM) [Govaerts et al., 2012], which provides a set of visualizations to
be used in digital learning platforms (or LMS) where teachers and students can
not physically interact. The system aggregates the data to calculate different
metrics like total time spent and number of resources used by a student. It
aims to provide teachers a way to assess their students’ performance and to
give students a way to compare their own progress with the group’s, as well as
the teachers’ expectations. Another example is the EnquiryBlogger presented
by Ferguson et al. [2011], which is an extension of a blog developed to support
awareness and reflection for enquiry-based learners. It offers three different
plug-ins which give visual feedback on when the learners have reflected on their
blog posts.
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6.10. Conclusions
The approach presented by Santos et al. [2012] focuses on capturing the activity
of students outside learning management systems using existing tracking tools.
Santos et al. [2012] describe their research on the development of a dashboard
with visualizations of activity data about the students’ use of several tools (like
Eclipse IDE or websites). The visualizations are goal-oriented and intended to
increase motivation of students and help them reflect on their learning process.
The work we have conducted with the LIM App differs from the above related
work in that it explores and focuses specifically on the improvement of the
lecturer and it also considers presentations in a business context. With the
combination of realtime capturing and analysis of the data during the event
as well as after it, we offer both possibilities to support reflective learning on-
action and in-action [Scho¨n, 1984]; i.e., adaptation during the event as well as
subsequent reflection on the data. The use case we are considering takes the
lecturer and speaker as the center of the scenario and focuses on professional
performance improvement. In this case, students play a very important role,
as they are the ones who provide feedback, but they are not strictly the only
participants to benefit from the tool. In contrast to this, most of the related work
explores and focuses on providing a benefit for students and is closely related to
the content of the lectures and the knowledge they acquire.
6.10. Conclusions
The Live Interest Meter was evaluated in formative and summative studies.
The majority of the participants would recommend it and would use it in the
future. The Net Promoter Score calculated among all participants who answered
a questionnaire in the last two evaluations (see Sections 6.8 and 6.7) reveals a
score of 25%.
Regarding reflection on the gathered data and which visualizations fostered
reflection (RQ2, see Section 1.2), participants preferred exploring the data of
the reports in retrospective instead of reacting to the data while performing the
presentation. This indicates that further efforts should be invested in enriching
the feedback data with context that contributes to reconstruct past experiences.
For future versions of the LIM App, participants saw potential in linking the
feedback to the concrete slide being presented.
Tracking feedback data has proven to be relevant and beneficial. However,
one of the major requirements to achieve these benefits is the gathering of
enough context data in order to support the sense-making process. This is
highly dependent on the engagement of the audience and therefore the socio-
technical perspective of the LIM App has to be considered. This is also linked
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to the additional challenges that arise with respect to motivating users (RQ3,
see Section 1.2). In the considered scenario, not only the speaker has to be
motivated to reflect, but the members in the audience have to be motivated to
create the basis for this reflection. However, insights gained from the different
evaluations show that there is a direct proportional link between the motivation
from lecturers and speakers to reflect and the motivation of the audience. In
other words, if members in the audience do not engage sufficiently and provide
the content for reflection, speakers and lecturers lose their motivation because
they do not have a solid basis to derive new insights and achieve reflection
outcomes.
With respect to changes in and improvement of one’s own work (issues ad-
dressed by RQ4, Section 1.2), results show that feedback tracking can lead to
small changes in speakers’ performance. However, from a sociological perspec-
tive, further coaching and training may be needed in order to offer solutions to
speakers. Some participants in our studies expected having solutions to their
problems directly from the students or would like to get them from the system.
Nonetheless, the goal that we pursue with the LIM App is that these solutions
are found thanks to the self-reflection of participants. We could show the data
gathered by the LIM App is indeed a first step towards supporting reflection
on lectures and presentations. From a methodological perspective, our results
suggest that the usage of the LIM App in selected sessions and presentations,
instead of a continuous usage, is the most suitable strategy.
To achieve a satisfactory regular use in the future, technical work on compat-
ibility with Wi-Fi infrastructures in public institutions is needed. The results
obtained with the LIM App, especially during the long-term summative eval-
uation, were considerably affected by the technical problems caused by certain
Wi-Fi infrastructures. Despite numerous tests and technical evaluations, this
could not be completely solved. In some networks, the connection of a high
number of users at the same time was not feasible. In other networks, the com-
munication between a random subset of clients and the server of the LIM App
was interrupted because of the weakness of the network.
264
7. Insights from the Empirical
Validation of the
Holistic Approach
Following a methodology guided by the IMRLQS, we developed three different
QS prototypes, which were evaluated in distinct work contexts. Table 7.1 offers a
summary of the three use cases that were investigated and the learning spectrum
that was covered. We analyze the introduction and use of QS apps from a socio-
technical perspective. Studies conducted for the elaboration of this work revealed
how several factors have an impact on the usage of the apps and on reflective
learning in work environments.
Table7.1.: Investigatedusecasesandlearningspectrum
MoodMap App
(Chapter 4)
MoodMarket
(Chapter 5)
LIM App
(Chapter 6)
Tracked
Aspect
Emotions Emotions Feedback
Tracking Self Self Observer
Work Context
Virtualmeetings
Callcenters
Softwaredev.
Experimental
assetmarket
Lectures
Public speaking
Goal
Emotional
awareness,
communication,
workperformance
Tradingbehavior,
reductionof
pricebubbles
Presentation skills
Reflection
in-action:between
worktasks
in-action:between
tradingperiods
in-action:during
presentation
on-action:endof
meeting/day
on-action:endof
market
on-action:endof
lecture/presentation
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In the following, we perform a joint analysis of the results obtained in the user
studies. The user studies detailed in Chapters 4, 5, and 6 and the comparison
between their results are taken into consideration for this analysis. The goal
of this chapter is to provide a body of empirical application-oriented insights
which serve as validation of the holistic approach and can be applied beyond
the concrete investigated work settings.
The insights identified and presented below provide a basis of successes and
pitfalls and thereby inform the future design of Quantified Self applications
to support reflective learning at work. First, we analyze and discuss insights
related to our research question RQ2, addressing self-reporting and observer-
reporting as tracking mechanisms (Section 7.1). Second, we continue our joint
analysis with the results related to RQ3, including sense-making of data (Sec-
tion 7.2), data visualization (Section 7.3), and motivation (Section 7.4). Finally,
we provide insights regarding learners’ improvements and other work-related
aspects targeted by our RQ4. This includes measuring outcomes (Section 7.5),
adapting apps to workplaces’ requirements (Section 7.6), setting learning goals
(Section 7.7), and considering privacy concerns (Section 7.8).
7.1. Self, Peer and Group Tracking
As mentioned in our theoretical model, one important aid to the reflection
process is the fusion and comparison of objective (measured by sensors), self-
reported (data from the user), and peer or group assessment (reported data from
others about a user). Therefore, developers have to be aware of which perspective
on the data is useful in every scenario. In this respect, we investigated self-
reporting and observer-reporting (peer and group) as tracking mechanisms.
• Self-reporting of data relies on the active effort of users to report on events
and capture their subjective impressions. Users’ involvement introduces
bias in the data, but this can be minimized by adopting user interfaces
that simplify the tracking. For example, in the MoodMap App (Chapter 4)
and the MoodMarket (Chapter 5) we restricted the input to a single click
in a two-dimensional map. Self-reporting can be used in a wide variety
of scenarios, but requires the cooperation and acceptance of users. The
amount and quality of captured data are determined by the engagement of
users, and therefore motivation plays an important role (see Section 7.4).
• Observer-reporting involves other individuals capturing the data about the
learner’s experiences by using self-reporting means. With these observers’
data, insights on peer and group assessment is possible. Although each
observer provides the data related to the experience from a subjective
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perspective, it can become more objective by aggregating data from multi-
ple observers. For instance, the Live Interest Meter (Chapter 6) supports
speakers by tracking feedback from each member of the audience and
the aggregation of this feedback contributes to offering an objective per-
spective of the presentation. However, as observers have to capture data
by themselves, their motivation is crucial for success. In the case of the
LIM App, although we leverage the audience interest to listen to an en-
gaging talk, we observed that this may not be enough to ensure long term
usage and that there are other factors influencing observers’ motivation. In
such cases, where the intrinsic motivation of the observers is not enough,
alternative extrinsic motivations may be a solution. For instance, we inves-
tigated the use of gamification to improve students’ participation in the
LIM App.
Further differences between self- and observer-reporting could be identified in
our studies. Gathering of data in terms of being accurate, effortless, relevant, and
timely was evaluated with higher scores in the MoodMap App and MoodMarket
than in the LIM App. This suggests that the motivation to give feedback had
a high influence on gathering data. Finally, results have revealed that, when
using observer-reporting approaches, the impact and changes on the learner’s
behavior have to be visible for the observers. Otherwise, the benefits will be
nonexistent for them. For instance, members in the audience using the LIM App
expected the speaker to react to their feedback or to show that, by reviewing the
data, insights had been gained and changes had been applied. If this was not
the case, students would lose both their motivation to use the app and the hope
for better lectures.
7.2. Sense-Making of Data
Reflective learning requires that learners understand the meaning of the data in
order to be able to reflect on it. The process of recalling and revisiting experiences
engages the learner in making sense of the gathered data. In most of the investi-
gated use cases, we used self-reporting approaches where the data are produced
by the users themselves. The results of our studies reveal that this facilitates the
understanding of the data and contributes to an easier interpretation of it. The
previous process of selecting when and what to track, as well as interpreting the
tracking user interface (e.g., the two-dimensional mood map in the MoodMap
App and the MoodMarket, or the configurable LIM meter), contributes to an
easier sense-making process. Moreover, it facilitates the relationship between
the data and one’s own experiences, which is already established at capturing
stage.
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On the contrary, applications that use automatic methods for data capturing (e.g.,
a hardware sensor) do not require users to actively contribute to the tracking
phase. As a consequence, collecting data alone does not produce reflective
learning, as it requires time to understand the data, especially when the data
become richer and more complex [Mu¨ller, 2014].
7.3. Data Visualization
As we suggested in our theoretical framework (see Chapter 3), appealing and
intuitive presentation forms and visualizations for the users should be chosen,
which at the same time foster the analysis of the data. Otherwise, this can become
one of the major barriers for triggering reflection and facilitating the recalling of
experiences.
Data can be visualized from several perspectives, depending on the criteria taken
into consideration. Visualizations of surprising data or unexpected perspectives
can lead to cognitive dissonance [Festinger, 1957] and trigger reflection [Con-
solvo et al., 2009b]. Hence, designers should aim to outline deviations and help
understand the underlying reasons.
We analyzed and proposed the most common visualization perspectives found
in the QS community:
• social: comparing one’s own performance/measurements with others’ or
aggregating data over multiple users
• spatial: the location of the user, allowing the understanding of the relation
between place and behavior
• historical: comparison of current values to historic values
• meta-level: using item metadata that supports the understanding and
interpretation of the data
• external perspective driven by other datasets: visualization according
to data provided by other standard sources of information like, e.g., the
weather.
In some cases, there are already established visualizations for these perspectives,
which have proven to be intuitive and accepted; e.g., timelines for the historical
or social networks for the social perspective. However, other types of context
can result in more complex visualizations, which have to be adapted to the type
of captured data as well as to the learner’s background.
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The visualization of data can benefit from the vast research on visualization
techniques, but further research is needed to assess the added value of these
visual approaches in terms of effectiveness, efficiency, and other criteria that
pertain to learning [Klerkx et al., 2014], especially in informal learning. Con-
sequently, visualizations to support learning need to be developed by using a
user-centered design approach, resulting in several prototypes and iterations
which are affected by the feedback of end users. The concrete background of
learners, their work context, as well as their knowledge of the data have to be
taken into consideration.
In our studies, we have identified some of the most important factors to con-
sider during the design approach. For choosing the correct visualization, it is
important to know from the end users which kind of questions they would like
to get answered with the analysis of the data. This will guide the selection of
the appropriate visualization. In our studies with the MoodMap App, we have
experienced that employees would like to know how their colleagues are feeling
and compare themselves to the team’s affective state. Consequently, visualiza-
tions to easily establish this comparison were needed. Another important factor
was the identification of mood and feedback trends. For such cases, the time
component should be easy to interpret in the visualizations; e.g., by using an
intuitive timeline. Timelines were especially appreciated in work environments
where employees are accustomed to visualize data in this form; e.g., in the
telecommunications and IT sector. Smileys were also well received by the call
centers’ employees because they were used to seeing them in other work tools
and in social networks. Although some visualizations may seem more original
or sophisticated (see the timelines of the MoodMap App 1.0 in Figure 4.6 as an
example), they may be perceived by the end users as too difficult to interpret
and not intuitive enough. Therefore, this indicates that the work context is an
important factor which should be taken into consideration.
In summary, participants in our studies requested mainly three types of visuali-
zations: status charts, comparison charts, and timelines.
Status charts offer a quick overview of the data and are usually related to the
current status of the learner; e.g., by showing average values or progress made.
Examples of status charts would be the average mood of a day, the number
of tasks that have been completed, or the average current feedback from the
audience.
Comparison charts show data from different instances and facilitate its exami-
nation in order to note the similarities or differences. For instance, data from
different users or data between groups can be compared. Comparison charts can
be used by learners to benchmark themselves against others in the sense-making
process; e.g., the Compare Me visualization in the MoodMap App shows the
contrast between the own individual mood and the team mood.
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Timelines offer a historical perspective on the data. They are useful to analyze
in depth what was happening (timelines with lower time spans) and identify
trends during a certain period of time (timelines with a higher time span).
In these types of visualization, deviations from the standard trend, or identified
unusual values can become a trigger for reflection and therefore lead to an
analysis of the underlying reasons. In order to achieve the optimal visualization,
an iterative user-centered design process is required to collect requirements
from the end users. In this process, the background of the learner, as well as its
knowledge of the data, has to be taken into consideration.
We also identified a categorization of the visualizations, dividing them in “live”
and “retrospective.” The observed preferences for “live visualizations”, in con-
trast to “retrospective visualizations”, were diverse. For instance, with the
MoodMap App, the daily live views were used more often whereas the reports
which are available afterwards were rarely visited. In the MoodMarket, we de-
liberately implemented simple visualizations embedded in the trading process.
Within the LIM App, the opposite case was observed, and users usually preferred
to review the reports in retrospective, and analyze not only the last lectures,
but also previous lectures from past days. By analyzing these users’ behaviors,
we can conclude that live visualizations facilitated reflection-in-action, whereas
visualizations that offer a report on past data aim at supporting reflection-on-
action. The decision on which visualizations are optimal in each case will highly
depend on the target work setting (see Section 7.6).
7.4. Motivational Cues
Our user studies have proven the feasibility and usability of self-tracking in
work environments. However, one of the major challenges to overcome is the
additional efforts that reflective learning requires. Users have to be motivated
not only to reflect on the tracked data, but also to track the data itself. Therefore,
several challenges were identified:
• Despite the widespread acknowledgment of the importance of reflective
learning, our studies revealed that, due to time and business constraints,
time and space for reflection is not given to employees. Additionally,
employees themselves also consider that conducting their tasks has a
higher priority than reflecting on their work. This attitude is unlikely to
change because reflection is seen to be of secondary importance to work
tasks. Therefore, we had to find external motivation or additional benefits
provided by our applications in order to achieve a successful use.
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• Reflective learning relies on re-evaluating past experiences and does not
consider the definition of a concrete measurable goal that must be pursued.
For instance, this would be the case in known examples from the QS, like
losing weight or smoking less, where weight and cups of coffee become
the measurable goal. Outcomes of reflection are unknown a priori and
may result in unexpected insights. This open-ended nature without a goal
to achieve adds difficulties to motivate users to reflect and therefore to use
applications that support it (see also Section 7.7).
• In many cases, learning processes take place subconsciously and individ-
uals are not aware of how they affect them and the changes in behavior
that are produced. For example, participants in the MoodMarket (Chap-
ter 5) were not aware of the influence that mood tracking had on their
behavior. This lack of awareness constitutes an additional barrier for users’
motivation.
Our results show that in order to overcome these challenges, certain motivation
techniques have to be adopted. In the Quantified Self community, competition
and peer recognition are the main mechanisms that bring people to track fur-
ther data and feel motivated to improve themselves [Maitland et al., 2006]. At
the workplace, collaboration and teams’ sense of belonging has proven to be a
powerful motivator. In our studies with the MoodMap App, communication
within the teams was improved and managers changed their behavior to offer
better support. This fact was also appreciated by the employees, who mentioned
that the opinion of their colleagues and managers about the app is important for
them and affects their decision on future usage. Additionally, as mentioned be-
fore, comparing one’s data with the others’ allows individuals to gain objectivity
and awareness on others. Therefore, designers should consider and exploit the
influence of teams and groups.
An alternative approach is to resort to external motivation techniques. One of the
current most extended ones is gamification; i.e., the use of game design elements
in non-game contexts. Involving gamification in the design of an application
from the beginning and adapting it to the concrete work context where it is used
can contribute to keep participants involved and engaged over time.
7.5. Measuring Outcomes
As described in the reflection model by Boud et al. [1985], the re-evaluation
of experiences that takes part during the reflection process produces a final
outcome. These outcomes can be new perspectives on experience, changes in
behavior, readiness for application, or commitment to actions. The nature of
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these outcomes results in changes that may be intangible; e.g., a commitment
to action that does not result in a final behavioral change or a new perspective
that is not articulated and stays only in the individual’s mind. Outcomes of
cognitive or affective nature may be measurable only by asking individuals,
whereas behavioral outcomes additionally might be measured by sensors or
external indicators. Nonetheless, we have to account for the time required to
evaluate changes in these indicators. Short-term benefits derived from reflection
will be hardly unveiled by them.
As we have seen from the QS, for Q-Selfers a defined outcome is not always
required. Not finding insights from data exploration or not achieving changes in
own behavior do not produce a feeling of discouragement or failure. However,
this is one of the remarkable differences we encounter when transferring QS
approaches to work settings. In order to justify our approach to support reflec-
tive learning as well as to show employees that they achieve an improvement,
measurable outcomes are required. As mentioned before, the nature of the out-
comes itself makes this measurement challenging, but we found parameters
that act as indicators for achieved outcomes; e.g., Key Performance Indicators.
Alternatively, having an experimental environment as investigated with the
MoodMarket (Chapter 5) let us measure changes in behavior in a controlled
fashion.
Despite these efforts, even measuring visible changes in behavior remains a
challenge because the achieved outcomes are not known a priori and, there-
fore, the measurement cannot be predefined. Consequently, in many occasions,
improvements obtained from reflective learning will remain unmeasured or
unrevealed but they will nonetheless contribute to the learning development of
the individual.
7.6. Workplace-Specific
Building apps for a specific work context enables users to reflect with less effort
and thereby improve their daily work. Our user studies on reflective learning
aimed at creating a working socio-technical system that integrates the new
technology and processes into the existing workflow. The introduction of the
apps in real workplaces proved crucial. Developers need to have direct contact
with end users in the development phase, as well as in the introduction of the
app; e.g., data reports were implemented after the first usage of the LIM App in
the field and new visualizations were implemented for the MoodMap App after
the first trial at call centers.
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Support for reflective learning has to be embedded in the daily work. If there
are defined processes in place, analyzing these processes and adapting the
designed applications is required. In the case of the MoodMap App, a successful
integration was achieved by establishing a link between moods and concrete
tasks performed by employees (e.g., calls or meetings).
However, these processes are not always clearly or explicitly defined or there are
work settings where employees follow a more personalized and open structure.
For instance, this is the case with the LIM App used in lectures and public
speaking. Speakers have their own method and lecturers have their own teaching
techniques. There is not an established process or steps defined that guide
how they should do their work. In such cases, it may be useful to define a
process that involves the usage of the app by integrating it from a pedagogical
perspective. For example, learners could adopt learning processes that already
include reflection as one of the basic steps. The professional learning processes
suggested by Loucks-Horsley et al. [1998] (see Figure 7.1) is an example of an
established process where the usage of reflection tools could be embedded.
Set Goals Plan Do
Context Critical Issues
Knowledge 
& Beliefs
Reflect
Figure7.1.:ProfessionalLearningProcessadaptedfromLoucks-Horsleyetal. [1998]
An integration of the apps also at technical level is crucial to achieve appropri-
ation and the feeling of being part of their work. For instance, it was essential
for the use of the MoodMap App to be integrated into the call taker system.
Although a full integration was not feasible due to company constraints, call
takers could reach the MoodMap App by pressing a button directly in the sys-
tem that they use during their normal work. This small but important detail
achieved that call takers reach the app easily and have the feeling that it as a part
of their daily working environment. The integration of the LIM App in existing
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learning management systems (LMS) or other university tools would contribute
to increasing its acceptance and regular use.
7.7. Goal Setting
Reflective learning does not necessarily follow a predefined goal but draws
insights from past experiences which in our approach are represented by the
tracked data. As mentioned in Section 7.5, the outcomes of reflection cannot be
100% measurable, despite adopting alternatives like KPIs or external evaluations,
which should reflect the performed changes.
In the Quantified Self, their inherent curiosity about themselves drives them
to explore and reflect on their data. In some cases, a goal-driven motivation
is pursued (e.g., losing weight or controlling a particular disease). In many
other cases, it is just the enthusiasm on technology and data that drives this
quantifying behavior, without having identified in advance any concrete benefit
from it (e.g., tracking any kind of social contact with other people or which
streets of a particular city have you already passed by).
Our experience with supporting reflective learning at work confirms that learn-
ing goals and expected outcomes are difficult to define a priori. Though appli-
cations might be associated with the overall learning goal of getting a better
understanding of work practices and changing behavior to improve work per-
formance, the resulting outcomes depend on the particular work situations of
individuals and teams. However, we can define the purpose of using the ap-
plications to the type of improvement we want to achieve. For example, in the
case of the LIM App the goal is to improve presentation skills, the MoodMarket
aims at improving trading behavior and therefore reduce price bubbles, and the
MoodMap App targets improvements in communication and work performance
in general. It is therefore critical, when designing tools for reflection, to find a
balance between defining an overall learning goal (e.g., reflecting on a particular
aspect of work) that allows us to choose relevant data and visualizations, at
the same time leaving space for exploration during reflection. In some cases,
reflective learning helps to identify these unknown goals in order to later pursue
a defined one. For example, by reflecting on mood data one may discover that
a certain task has negative effects. Hence, the learner may define the goal of
reducing the number of times this task has to be performed.
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7.8. Privacy Concerns
Privacy was expected to be a major barrier for self-tracking at the workplace,
especially when part of the data was not anonymized. This was the case for the
MoodMap App 3.0, which contained team views with non-anonymized data for
managers and coaches. Therefore, privacy concerns were targeted by question-
naires before and after the studies. In the case of the call center (Section 4.9), the
benefits outweighed any privacy concerns because sharing and visualizing the
annotated mood data led to clear benefits for both parties; i.e., team cohesion
and empowerment of employees. However, it must be taken into account that
call takers are used to be monitored during their work (e.g., calls are recorded)
but this is not the case for all professionals. Therefore, we cannot generalize this
positive attitude regarding privacy to other domains.
One of the most important influencing factors is the organizational culture.
Contrary to the call center setting, the initial predisposition to capture and share
mood was not the same in the software company (Section 4.10). One of the
main barriers for adoption was the fear of stating their moods honestly, as it
may affect their working position in the company. The conviction that reflective
learning could improve their work is only possible if the managers as well as
the organization are committed to such principles. Another factor that may have
influenced the usage of the application is the low number of members that some
departments had. From the experience gained in the call center, bigger teams
see an additional advantage when the manager can attend to each member
individually and the MoodMap App could help to increase this awareness.
However, in the case of Regola, having small teams may have led to a sense of
controlling instead of support.
In general, privacy was considered important but not a requirement to be satis-
fied by the applications. In some cases, functionality aiming at enhancing the
privacy was seen as a barrier to usage of the system. For instance, visualiza-
tions with anonymized data were seen as complex, hard to understand, and
obstructing when trying to find underlying reasons.
Using self-reporting approaches allowed leaving the decision on what data
to track to the users. Although this overcomes the privacy issues arisen with
automatic capturing means, it is not enough to aim for a beneficial impact and
designers should be prepared for a wide variety of attitudes [Mu¨ller et al.,
2015]. Designers must be aware of the threats of using the apps in an undesired
manner and this has to be communicated and discussed with employees and
management. From a design perspective, it is required that employees are able
to delete and manipulate the data as well as to decide which data they want to
share (e.g., by offering functionality to configure sharing settings).
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Results revealed how important it is to communicate insights and actions gained,
as capturing and sharing data without perceiving usefulness on it can lead to
a feeling of controlling. Hence, privacy functionality has to be a central part of
the systems but adaptable to the needs of the specific work context, as privacy
concerns vary across domains, countries, and cultures.
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Part III.
Conclusions

8. Summary
Reflective learning is one of the core processes for improving work performance.
Existing theories of reflective learning provide an understanding of the cognitive
and social processes, but do not consider the use of technologies to enhance re-
flective learning processes. Inspired by the tools and methods of the Quantified
Self (QS) community, we investigated the role of tracking technologies in the
reflective process and presented a holistic approach to the design of self-tracking
applications. As a result, we show how Quantified Self approaches can support
reflective learning processes at the workplace, both from a theoretical and tech-
nical perspective. Our goal was to investigate the benefits of self-tracking at
work, thereby extending research on self-tracking from private areas of life and
“extreme users” to employees in work settings. To this end, we developed three
self-tracking applications and evaluated them in distinct workplace settings. The
validation of our holistic approach was conducted through a total of thirteen
studies with more than 600 participants involved.
8.1. Contributions and Impact
In this thesis, we have developed a novel holistic approach that defines the use
of tracking applications inspired by the Quantified Self to support workplace
reflective learning. An Integrated Model of Reflective Learning and Quantified
Self (IMRLQS) has been conceptualized to provide the required theoretical basis.
In addition to ordering this strand of research, the IMRLQS model provides a
systematization and understanding of the design space for future QS applica-
tions aiming at supporting reflective learning. This model has been explored in
real workplace settings by designing and developing three self-tracking proto-
types which were evaluated in different work settings. The studies conducted
as part of the evaluation targeted not only design and technical aspects but also
learning impact and social aspects. Our results show that participants using
the implemented QS applications learned from their personal and work expe-
riences, gained valuable insights about their work, and improved their work
performance.
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To achieve this thesis’ goal of investigating if and how Quantified Self approaches
can aid learning, we defined four research questions which led to the following
core contributions.
An integrated model that constitutes a framework for technical support of
reflective learning, derived from unifying reflective learning theory with a con-
ceptual analysis of Quantified Self tools. The Integrated Model of Reflective
Learning and Quantified Self answers our first research question (RQ1), which
targeted how Quantified Self principles and tools can support reflective learn-
ing at work. The model defines three main support dimensions: tracking cues,
triggering, and recalling and revisiting experiences. Each of these dimensions is
characterized with explicit mechanisms and design choices that show how QS
applications can implement reflection support. The IMRLQS has set a pioneering
foundation for the systematization and understanding of the design space for QS
applications aiming to support learning from employees’ experiences. Therefore,
the model not only is the conceptual foundation for the development of this
thesis and the guide for the design of the subsequent developed prototypes, but
also a solid basis for the design of future QS prototypes.
Design, implementation, and evaluation of three self-reporting QS applica-
tions. Based on the IMRLQS model, we built on an iterative user-centered design-
based methodology to instantiate QS approaches to support reflective learning in
specific work settings. The resulting prototypes are novel applications that have
adopted QS techniques and adapted them in order to be successfully integrated
in real workplace settings. We selected three work contexts where reflective
practice is seen as promising but has not been integrated in their work processes
yet. In each of the three investigated use cases, we addressed our second, third,
and fourth research questions. These include whether self-reporting QS appli-
cations can capture and quantify data about our daily work activities as basis
for reflective learning (RQ2), which different data visualizations and motivation
techniques foster learning processes (RQ3), and which improvements can be
achieved by reflecting on data from personal and work life (RQ4).
The first use case explored reflection on emotions in several work scenarios of
the telecommunications and IT sector. We designed and evaluated the MoodMap
App, a mood self-tracking application that aims at improving employees’ perfor-
mance by increasing emotional awareness and re-evaluating daily work experi-
ences in relation to the impact of their emotions on work. We conducted a total
of seven user studies, encompassing virtual meetings and teleconferences where
non-verbal communication is missing, call centers where there is a constant
relationship with customers, and software-technology development services in
the emergency domain. These studies helped refine each of the three MoodMap
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App prototypes and understand which features of the application achieved the
desired support and lead to improvements in the learners’ work. Results show
that participants made small changes in their behavior, communication between
employees was positively affected, and inter-role relationships were improved.
In our study at the call center, Key Performance Indicators revealed a signifi-
cant improvement of the call takers’ work performance during the MoodMap
App usage period. Results reveal that collaborative aspects like awareness of
colleagues’ moods are crucial for acceptance and long-term usage of the app.
We also identified which factors contribute to a successful introduction of mood
self-tracking in work environments. For instance, tangible changes at manage-
ment and team levels are required to avoid a sense of controlling derived from
the misuse of the data.
In the second use case, we conducted a study to evaluate the impact of mood
tracking on decision-making. Experimental asset markets offer a controlled en-
vironment, where the quality of the work performed by the individuals can be
linked to the creation of price bubbles and, thereby, it becomes measurable. A
prototype called MoodMarket integrates mood tracking in the trading process,
allowing individuals to capture and reflect on their moods between trading
periods. The results show that participants who tracked their mood during the
experiment improved their trading behavior. Participants were not aware of
these improvements and did not expect mood capturing having an influence on
their decision-making behavior. However, the analysis of the data at economical
level shows that (i) price bubbles were smaller in amplitude, (ii) participants real-
ized they were riding in a bubble earlier than the participants who did not track
their mood, and (iii) there is a relationship between their trading behavior and
their captured moods. Considering the overall results, they indicate that traders
achieved improvements in their work performance as part of subconscious
reflective learning processes.
The third use case investigated the tracking of feedback in lectures and profes-
sional presentations in order to improve presentation skills. The Live Interest
Meter (LIM App) was designed and implemented to easily track feedback from
the audience and compare the own perspective of the speaker with the per-
spective of the audience members.The LIM App was evaluated in studies,
being used by lecturers, students, researchers, and consultants. The evaluations
considered not only the benefits and improvements for the speaker but also the
acceptance and feasibility of the approach from the audience in their role of
data providers. Our evaluation results show that feedback tracking can lead to
small changes in speakers’ performance. In the considered scenario, not only
the speaker has to be motivated to reflect, but the members in the audience
have to be motivated to create the basis for this reflection. Therefore, the im-
provements achieved by the speakers must be visible to the audience members
and motivation techniques to maintain the engagement of the audience have
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to be considered. We were able to show that the data gathered by the LIM App
is indeed a first step towards supporting reflection on lectures and presentations.
A framework of empirical application-oriented insights derived from the re-
sults obtained in the thirteen user studies. The resulting insights not only
validate the holistic approach of applying Quantified Self approaches to support
reflective learning at work, but also provide best practices and pitfalls from a
socio-technical perspective and thereby inform the future design of this type of
applications.
In conclusion, this thesis contributes with a promising approach for support-
ing reflective learning at work. We provide evidence that Quantified Self ap-
proaches can support the cognitive learning process at a theoretical, workplace-
independent level. Our studies with three developed prototypes in selected work
settings provide evidence that QS approaches can support reflective learning
and achieve improvements at work. As predicted by reflective learning theory,
the outcomes achieved by participants have been diverse, ranging from small
changes in the slides of a presentation to improvements measurable by Key
Performance Indicators. The nature of reflective learning and the requirements
characteristic of workplace settings make the implementation of supporting
applications challenging. However, the IMRLQS model and the insights gained
through our studies with QS approaches provide a solid basis for the successful
implementation of future applications.
8.2. Outlook
Applying Quantified Self practices and tools to support reflective learning is
a novel approach that considers learning support from a technical, social, and
theoretical perspective. The growing number of sensors and mobile technologies
for personal data tracking as well as the ever-growing Quantified Self com-
munity point to promising future opportunities for integrating new sources of
data and making them available for reflection. We have shown that Quantified
Self approaches, despite having to be appropriately adapted to the workplace
requirements, can be successfully used in work settings. Therefore, it appears
to be reasonable to connect these adapted tools with their counterparts in the
private life.
The envisioned potential for integration also includes combining data gathered
by our QS applications with existing work data. Although we invested part of
our efforts into integrating the applications in the systems of our target users
and produce data reports which include company data, this could not be entirely
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fulfilled due to company restrictions. This definitely constitutes an interesting
point for further research. For instance, the data from the MoodMap App could
be linked to further details about the calls (besides the current call reference)
and a relationship between moods and notes could also be established with the
coaching needs of call takers. These options are currently under discussion with
the managers of British Telecom. In the case of the LIM App, the integration
with the slides used during the presentations or with other learning material
would provide further context to the aggregated feedback.
The Quantified Self is considered a key contemporary trend emerging in big data
science [Swan, 2013]. The growing number of smart devices and applications
used are generating huge amounts of data about individuals’ behavior. This
vision towards a human side of big data based on information about personal
behavior and private aspects of life is becoming a reality. With our work, we have
extended the benefits of tracking data to improve private aspects of life (e.g.,
health and well-being) with the achievement of work-related improvements. We
have set the foundation for a new type of Quantified Self applications that join
the benefits of personal tracking with the requirements and aspirations of work
settings, including collaborative aspects of teamwork, privacy concerns, and
the focus on work performance in organizations. In the near future, the spread
of Quantified Self approaches in organizations could also integrate personal
data in the current upstream reporting used as mechanisms of performance
management and accountability. In doing so, there is further potential for the
combination of data following a bottom-up stream with the top-down informa-
tion flows coming from organizational analysis.
In this thesis, we have investigated the overall approach of designing QS ap-
proaches in several work contexts in order to show the potential and provide
evidence of the benefits. Our focus has been on the development of lightweight
applications that are flexible enough to be adapted to several work contexts
within a certain domain. Further research focusing on individual work contexts
could integrate tracking approaches with context-specific metadata to achieve
an adapted representation of personal experiences. This representation of expe-
riences would be richer by adding semantics to the data. This would facilitate
the integration of different systems as well as the smarter analysis of the tracked
data together with domain data provided by other sources. The use of the ap-
plications and the tracked data could also be connected with on-site coaching
processes. This would encourage employees to take actions and change their
behavior in accordance to the achieved reflection outcomes.
In the particular use case of mood self-tracking, investigated in our first two
use cases, there is a vast amount of research on automatic methods to recognize
moods and emotions. On the one hand, automatic methods lower the tracking
effort, can raise awareness, and influence behavior. On the other hand, our results
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show that reflection requires the cognitive focus to analyze and understand the
data and therefore the manual mood capturing itself is a reflection opportunity.
Taking into account this human-computer interaction perspective, there is a
great potential for further research on interfaces for mood tracking adapted to
the new workplace application areas.
Finally, a promising field of research is the investigation of motivation and
incentives within QS approaches at the workplace. Our studies revealed the
main motivations in the different work domains and these could be further
built upon in future prototypes. Especially in work settings where other people
contribute to tracking data (as it was the case in our Live Interest Meter use
case), additional motivation techniques are needed to maintain the engagement
of the users. We investigated gamification as one of the potential motivators to
achieve this. However, further evaluations in several settings including lectures
and business presentations are needed to investigate which techniques are more
effective.
This thesis is the first research work that systematizes and transfers experimental
approaches from the Quantified Self community to provide support for reflective
learning at work and make use of its benefits for work performance improve-
ment. The design, implementation, and evaluation of three QS applications have
proven the feasibility, usefulness, and benefits of our approach. By unifying
these two strands, Quantified Self and reflective learning, we have established a
promising basis for a new kind of learning support in work environments.
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Appendix

A. MoodMap App – Summative
Evaluation I: British
Telecommunications
Call Centers
This appendix contains a printed version of the online questionnaires answered
by the participants in the summative evaluation of the MoodMap App at the BT
call centers in Dundee and Alness (see Section 4.9).
287
Print version
Questionnaire
1 Welcome page
Dear participant,
This data collection is part of research activities within the larger context of an EU-funded project named MIRROR – Reflective
 Learning at Work. The MIRROR project tries to develop tools to help employees to learn from their past work-related experiences.
Today's study is the first step of the evaluation of the MoodMap App and this survey contains questions about reflection and your
 expectations regarding the apps.
The online survey will take approximately ten minutes to complete. There are no right or wrong answers.
In fact, we are very much interested to know your personal experience and opinion. 
Thank you very much for your cooperation and have fun taking the survey!
2 Core Questions
Your Participant Code*:
Kindly write down your participant code.
 Your code consists of:
 1. The first letter of your place of birth
 2. Your own day of birth (two digits)
 3. The first letter of your father's first name
 4. The first letter of your mother's first name
Example: A person born in London on the 7th of July, with parents named Jake and Sue would enter: "L" (for London) in the 1st
 blank, and "07" (for the birthday on the 7th) in the 2nd blank, "J" (for Jake) in the 3rd, and "S" (for Sue) in the 4th blank. So
 this person's code would be: L07JS
 If you don't know any of these, use "X" for the first letter of your place of birth, "00" for the date of birth, "Y" for the first letter
 of your father's name, and "Z" for the first letter of your mother's name.
Gender*:
Male Female
Age Group (in
 years):
<= 19
20 - 29
30 - 39
40 - 49
50 - 59
>= 60
Please indicate your
 role*:
Advisor Coach Manager
*compulsory questions
3 Core Questions Job
Job
 Scope*:
Full-time Part-time
Department*:
Years in current
 position:
A. MoodMap App – Summative Evaluation I: BT Call Centers
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years
Years in current team (if
 applicable):
years
Years in current and similar positions
 (altogether):
years
4 Short Reflection Scale
Questions about reflection practices*
Kindly answer the following questions as they apply to you and indicate your agreement with the following statements. There are
 no right or wrong answers.
strongly
 disagree disagree neutral agree
strongly
agree
I often reflect on my work in order to
 improve it.
We as a team often reflect on our work in
 order to improve it.
I think it is important to try to improve
 my work performance.
I frequently reflect on my work processes.
I frequently reflect on my emotions and
 how I feel during my work.
Reflecting on my work processes helps
 me to improve my task performance.
Reflecting on my emotions and that of my
 colleagues during meetings helps me to
 improve my work performance.
In team meetings we frequently talk
 about how we can improve our work
 performance.
Outside of meetings, I often talk with my
 colleagues about our work performance.
It is important to me to discuss frequently
 with others about our work performance.
Conversations with colleagues help me to
 improve my work performance.
Even a few days later, I can remember a
 certain situation (e.g. customer call or
 coaching session) well when I reflect on
 it by myself or with others.
5.1 App Expectations Advisor
Your expectations about the app usage and impact*
Which expectations do you have with a tool that allows to track and visualize your mood
 and the mood of your colleagues?
Which expectations do you have with a tool that allows to articulate your
 experiences
 made and challenges faced during your daily work?
A.1. Pre-questionnaire
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Are you comfortable with sharing experiences and challenges with your coaches and
 manager?
6.1 App Expectations Coaches/Manager
Questions about expectations about the app usage and impact*
Which expectations do you have with a tool that allows to track and visualize your mood
 and the mood of your team members?
Which expectations do you have with a tool that tracks and shows you the
 performance
 of your teams (and coaches)?
7 App Expectations General
The following questions are related to the use of the MoodMap App in your daily work.
In which aspects could the MoodMap App help you or improve any aspect in the following situations?
During your daily work
 (shift):
Between customer
 calls:
During and after your coaching
 sessions:
In face to face
 meetings:
In which aspects could the MoodMap App improve your team?
During your daily work
 (shift):
Between customer
 calls:
During and after your coaching
 sessions:
In face to face
 meetings:
A. MoodMap App – Summative Evaluation I: BT Call Centers
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8 Satisfaction
How satisfied are you with your coaching sessions?*
Please answer the following question on a scale from 1 = very dissatisfied to 5 = very satisfied.
1 2 3 4 5
Please indicate your agreement to the following
 questions.*
strongly
 disagree disagree neutral agree
strongly
agree
I feel my ideas to improve a process are
 addressed by my manager/coach.
Sometimes I notice a problem or room for
 improvement, but I don’t communicate it
 to others.
My coaching sessions cover all my
 coaching needs.
Please indicate your agreement to the following
 sentences.*
strongly
 disagree disagree neutral agree
strongly
agree
I’m generally aware of the coaching needs
 my teams have.
I can observe that the work processes are
 changing on the basis of the feedback
 from employees.
The organization encourages the
 articulation of ideas and improvements
 by employees.
Reflecting on how I feel could help me to
 improve my work performance.
Reflecting and discussing on how we feel
 could improve our team performance.
Being aware of my emotions during
 customer calls could help me to reduce
 my customer repeats.
Reflecting on my work could help us to
 improve our customer satisfaction.
Reflecting on my emotions could help us
 to improve our customer satisfaction.
9 Final page
You have reached the end of the survey.
Many thanks for taking part in the study. 
You may now close this window.
A.1. Pre-questionnaire
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B. Live Interest Meter – Summative
Evaluation I: Lecture at a
German University
This appendix contains the questionnaires answered by the lecturer during the
summative evaluation of the Live Interest Meter (see Section 6.8).
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Questionnaire Live Interest Meter – LIM App 
Version 1.0  Page 1 
1. Your Participant Code 
 
Please write down your Participant Code. Your code consists of the following 5 alphanumeric 
characters: 
 
 
The first letter of 
your place of birth 
Your own day of 
birth (two digits) 
The 1st letter of your 
father’s first name 
The 1st letter of your 
mother’s first name 
Your 
Code 
    
Example: A person born in London on the 7th of July, with parents named Jake and Sue would enter: "L" 
(for London) in the 1st blank, and "07" (for the birthday on the 7th) in the 2nd blank, "J" (for Jake) in the 3rd, 
and "S" (for Sue) in the 4th blank. So this person's code would be: L07JS.  
 
2. Please write the current date (dd-mm-yyyy): _____________________ 
3. Your gender:      ܆ male   ܆ female 
4. Your age group:  ܆≤19       ܆20-29       ܆30-39       ܆40-49       ܆50-59       ܆≥60 
5. Name of your lecture: ______________________ 
6. About your job     
  Department: ____________________ 
Position: ____________________ 
  Scope:  ܆Full-time ܆Part-time  
Years in current and similar positions (altogether): _______ years        
        
7. Please indicate your agreement with the following statements. 
 
 strongly 
disagree 
disagree neutral agree strongly 
agree 
I often reflect on my work in order to improve it. O O O O O 
We as a team often reflect on our work in order to 
improve it. 
O O O O O 
I think it is important to try to improve my 
presentation skills. 
O O O O O 
I frequently reflect on my lecture presentations. O O O O O 
Reflecting on held presentations helps me to 
improve my presentation skills in my lectures. 
O O O O O 
In team meetings we frequently talk about how we 
can improve our presentation skills. 
O O O O O 
Outside of meetings, I often talk with my colleagues 
about how to improve our presentation skills and 
hold a good presentation.   
O O O O O 
It is important to me to discuss frequently with 
others about how to improve our presentation skills 
and hold a good presentation. 
O O O O O 
Conversations with colleagues help me to improve 
my presentation skills. 
O O O O O 
Even a few days later, I can remember a certain 
lecture presentation well when I reflect on it by 
myself or with others. 
O O O O O 
B. Live Interest Meter – Summative Evaluation I: German University
B.1. Pre-questionnaire
304
Questionnaire Live Interest Meter – LIM App 
Version 1.0  Page 2 
 
8. Please evaluate the following sentences in relation to your lecture in this semester. 
 
 strongly 
disagree 
disagree neutral agree strongly 
agree 
I am in general satisfied with this lecture. O O O O O 
I am in general satisfied with my performance in 
my presentations. 
O O O O O 
I am satisfied with the participation of the 
students in my lecture. 
O O O O O 
I am satisfied with the interaction between me 
and my students. 
O O O O O 
I am satisfied with the motivation of my students 
for the lecture. 
O O O O O 
I am satisfied with the general attitude of the 
students during my lectures. 
O O O O O 
 
9. How many questions do you usually get from your students during your lecture? 
a. more than 3 in a session 
b. 2-3 questions per session 
c. 1 question every session 
d. less than 1 question every session 
e. 1 question during the whole semester 
f. never 
 
10. Do your students give you general feedback or comments on your lecture? 
a. more than 3 in a session 
b. 2-3 comments per session 
c. once every session 
d. sometimes (less than once every session) 
e. once during the whole semester 
f. never 
 
11. Please evaluate the following sentences in relation to this lecture and presentations. 
 
 strongly 
disagree 
disagree neutral agree strongly 
agree 
The speed/pace of my speech is always 
appropriate. 
O O O O O 
During my presentations and lectures I always 
speak clearly to my audience. 
O O O O O 
My vocal expressiveness (volume, pronunciation, 
tone) in my talks is adequate. 
O O O O O 
My speech is always fluent. O O O O O 
I always feel confident before my presentations and 
lectures. 
O O O O O 
I always feel confident during my presentations and 
lectures. 
O O O O O 
I always finish my presentations on time and 
achieve to present all the contents.   
O O O O O 
I always use clear examples in my presentations.   O O O O O 
B.1. Pre-questionnaire
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In my talks, I use a comprehensible/understandable 
speech. 
O O O O O 
My slides are always appropriate to my audience 
(format and style). 
O O O O O 
I always establish contact with my audience during 
the talk. 
O O O O O 
My audience is always motivated and interested in 
my talk. 
O O O O O 
My audience is always engaged and participates in 
my presentations. 
O O O O O 
I always establish eye-contact with my audience. O O O O O 
My presentations always have a very high quality 
and look professional. 
O O O O O 
I regularly collect feedback about my lectures and 
my performance. 
O O O O O 
 
12. Which specific feedback would you like to get from your students? 
 
 
 
13. Which expectations do you have for a tool that gives you feedback about your lecture 
presentations? 
 
 
 
14. In which aspects could the LIM App help you DURING and AFTER your lectures? 
  
 
 
 
15. Which experiences do you have with getting feedback from your audience? 
 
 
 
 
Many thanks for taking part in this study. 
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1. Your Participant Code 
 
Please write down your Participant Code. Your code consists of the following 5 alphanumeric 
characters: 
 
 
The first letter of 
your place of birth 
Your own day of 
birth (two digits) 
The 1st letter of your 
father’s first name 
The 1st letter of your 
mother’s first name 
Your 
Code 
    
Example: A person born in London on the 7th of July, with parents named Jake and Sue would enter: "L" 
(for London) in the 1st blank, and "07" (for the birthday on the 7th) in the 2nd blank, "J" (for Jake) in the 3rd, 
and "S" (for Sue) in the 4th blank. So this person's code would be: L07JS.  
 
2. Please write the current date (dd-mm-yyyy): _____________________ 
 
3. Please indicate your agreement with the following statements. 
 
 strongly 
disagree 
disagree neutral agree strongly 
agree 
I often reflect on my work in order to improve it. O O O O O 
We as a team often reflect on our work in order to 
improve it. 
O O O O O 
I think it is important to try to improve my 
presentation skills. 
O O O O O 
I frequently reflect on my lecture presentations. O O O O O 
Reflecting on held presentations helps me to 
improve my presentation skills in my lectures. 
O O O O O 
In team meetings we frequently talk about how we 
can improve our presentation skills. 
O O O O O 
Outside of meetings, I often talk with my colleagues 
about how to improve our presentation skills and 
hold a good presentation.   
O O O O O 
It is important to me to discuss frequently with 
others about how to improve our presentation skills 
and hold a good presentation. 
O O O O O 
Conversations with colleagues help me to improve 
my presentation skills. 
O O O O O 
Even a few days later, I can remember a certain 
lecture presentation well when I reflect on it by 
myself or with others. 
O O O O O 
 
4. Please evaluate the following sentences in relation to your lecture. 
 
 strongly 
disagree 
disagree neutral agree strongly 
agree 
I am in general satisfied with this lecture. O O O O O 
I am in general satisfied with my performance in 
my presentations. 
O O O O O 
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I am satisfied with the participation of the 
students in my lecture. 
O O O O O 
I am satisfied with the interaction between me 
and my students. 
O O O O O 
I am satisfied with the motivation of my students 
for the lecture. 
O O O O O 
I am satisfied with the general attitude of the 
students during my lecture. 
O O O O O 
 
5. How many questions do you usually get from your students during your lecture? 
a. more than 3 in a session 
b. 2-3 questions per session 
c. 1 question every session 
d. less than 1 question every session 
e. 1 question during the whole semester 
f. never 
 
6. Do your students give you general feedback or comments on your lecture? 
a. more than 3 in a session 
b. 2-3 comments per session 
c. once every session 
d. sometimes (less than once every session) 
e. once during the whole semester 
f. never 
 
7. Please answer the following questions regarding your presentation skills and refer 
therefore to your presentations during the past weeks of this semester. 
 
 strongly 
disagree 
disagree neutral agree strongly 
agree 
The speed/pace of my speech is always appropriate. O O O O O 
During my presentations and lectures I always speak 
clearly to my audience. 
O O O O O 
My vocal expressiveness (volume, pronunciation, tone) 
in my talks is adequate. 
O O O O O 
My speech is always fluent. O O O O O 
I always feel confident before my presentations and 
lectures. 
O O O O O 
I always feel confident during my presentations and 
lectures. 
O O O O O 
I always finish my presentations on time and achieve 
to present all the contents.   
O O O O O 
I always use clear examples in my presentations.   O O O O O 
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 strongly 
disagree 
disagree neutral agree strongly 
agree 
In my talks, I use a comprehensible/understandable 
speech. 
O O O O O 
My slides are always appropriate to my audience 
(format and style). 
O O O O O 
I always establish contact with my audience during the 
talk. 
O O O O O 
My audience is always motivated and interested in my 
talk. 
O O O O O 
My audience is always engaged and participates in my 
presentations. 
O O O O O 
I always establish eye-contact with my audience. O O O O O 
My presentations always have a very high quality and 
look professional. 
O O O O O 
I regularly collect feedback about my lectures and my 
performance. 
O O O O O 
 
8. Please indicate your agreement with the following statements about the use of the LIM App. 
 
 strongly 
disagree 
disagree neutral agree strongly 
agree 
The LIM App helped me to remember and 
reconstruct experiences from my held lectures. 
O O O O O 
The LIM App helped me to reflect on experiences 
from my held lectures. 
O O O O O 
The LIM App helped me to collect information that 
triggered reflection about my held lectures. 
O O O O O 
The LIM App guided me in capturing information 
about my work experiences. 
O O O O O 
The LIM App helped me to become aware of my 
presentation skills. 
O O O O O 
The LIM App helped me to identify significant 
topics worth reflecting. 
O O O O O 
The LIM App helped me to reserve a space for 
reflection.   
O O O O O 
The LIM App helped me to gain a better 
understanding of my audience.   
O O O O O 
Capturing feedback during my presentations is 
useful to reflect and think about my presentation 
skills. 
O O O O O 
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Seeing the development of the feedback in the 
timeline of the lecture reports helps me to 
remember and restructure what happened during 
my work. 
O O O O O 
The lecture reports were very useful to recall the 
presentations/lectures. 
O O O O O 
The visualization of the feedback (average and 
percentiles) in the timelines of the lecture reports 
were very useful to reflect on my work. 
O O O O O 
The lecture reports helped me to review the data. O O O O O 
The topics of interest showed in the histogram 
helped me to recall my past experiences. 
O O O O O 
The topics of interest showed in the histogram 
helped me to better reflect about a certain 
situation during the lecture or presentation. 
O O O O O 
 
 
 
9. Please indicate your agreement with the following statements about the use of the LIM App. 
 
 strongly 
disagree 
disagree neutral agree strongly 
agree 
I made a conscious decision about how to 
behave in the future during my lectures and 
presentations. 
O O O O O 
I gained a deeper understanding of my lectures 
and presentations. 
O O O O O 
The LIM App helped me to improve my 
performance in my lectures and presentations. 
O O O O O 
I am satisfied with the LIM App. O O O O O 
I see the long-term advantage of using the LIM 
App in my lectures and presentations. 
O O O O O 
I would like to use the LIM App continuously as 
part of my lectures and presentations. 
O O O O O 
It is practical for me to continue using the LIM 
App in my lectures and presentations.   
O O O O O 
With the LIM App, I was more motivated to 
reflect on work in general.   
O O O O O 
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10. The following questions refer to possible barriers for using the LIM App. Please answer 
them freely and honestly as this gives us very valuable feedback. 
 
 strongly 
disagree 
disagree neutral agree strongly 
agree 
I did not have the time to use the LIM App. O O O O O 
I did not have the physical space (e.g. necessary 
privacy) to use  the LIM App. 
O O O O O 
I did not see an advantage in using  the LIM App. O O O O O 
I was not motivated to use the LIM App. O O O O O 
I could find out how the LIM App worked myself. O O O O O 
I need more formal training with  the LIM App. O O O O O 
 
11. Data gathering with the LIM App was... 
 
 strongly 
disagree 
disagree neutral agree strongly 
agree 
… accurate. O O O O O 
… effortless. O O O O O 
… relevant. O O O O O 
… timely. O O O O O 
 
 
12. How likely is it that you would recommend the LIM App to a friend or colleague? 
(Please mark your score with a circle) 
 
 
 
If you have any final comments, remarks or suggestions, please feel free to write them down 
in the box below.  
 
 
 
 
Thanks for your participation! 
0 1 2 3 4 5 6 7 8 9 10 
not at all 
likely 
    neutral     extremely 
likely 
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Learning by reflection has been identified as one of the core 
processes for improving work performance, but theories have 
not sufficiently considered the use of technologies to enhan-
ce reflective learning processes. This work provides a novel 
approach for reflective learning support by transferring and 
adapting practices from the Quantified Self to workplace set-
tings. Quantified Self (QS) is a collaboration of users and tool 
makers who share an interest in self-knowledge through self-
tracking, resulting in a variety of tools to collect personally 
relevant information. 
This work contributes with an integrated model that provides 
a framework for technical support of reflective learning. Based 
on this model, mobile and web-based applications have been 
iteratively designed and developed to investigate the quan-
tification and gathering of data in three different use cases: 
(i) mood tracking in the telecommunications and IT sector, 
(ii) mood tracking in trading, and (iii) capturing of feedback 
in lectures and professional presentations. These applications 
have been evaluated in thirteen studies that demonstrate the 
support of reflective learning and measure the impact on work 
performance. The results of these user studies lead to the va-
lidation of our holistic approach through a body of empirical 
application-oriented insights.
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